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PAET  I. 

OFFICERS  OF  THE  CORPS  OF  ENGINEERS. 

Chaxgks  daring^  J^^^t  diBtribntion  of  officers,  3;  officer^  detachocl,  recommendationa 

as  to  examinations  for  promotion,  4. 

FORTIFICATIONS. 

Gexebal  STATKMKNT,  4;  defense  of  Boston  Harbor,  Mass.,  6;  defense  of  New  York 
Harbor,  N.  Y.,  defense  of  Washington,  D.  C,  7;  defense  of  Hampton  Roada,  Ya., 
defense  of  San  Francisco  Harbor,  Cal.,  8. 

PROTECTION  OF  SITE  OF  FORT  NIAGARA,  NEW  YORK. 

In  the  charge  of  Capt.  Dan  C.  Kingman,  Corps  of  Enginkbrs 8 

SEA  WALL  AND  EMBANKMENT  AT  DAVIDS  ISLAND,  NEW  YORK  HARBOR. 

IX  TBE  CHARGE  OF  COL.  D.  C.  HOUSTON,  CORPS  OF  ENGINEERS 9 

SEA  WALLS  AT  GOVERNORS  ISLAND,  NEW  YORK  HARBOR. 

In  the  CHARGE  OF  CoL.  D.  C.  Houston,  Corps  of  Engineers 9 

BEACH  PROTECTION,  WATER  SUPPLY,  AND  SEWERAGE  SYSTEM  AT  FORT 

MONROE,  VIRGINIA. 

In  THE  CHAHOK  OF  LlEX7T.  COL.  PeTBR  C.  HaIKS,  CORPS  OF  ENGINEERS 10 

REPAIR  AND  PRESERVATION  OF  FORT  MARION,  FLORIDA. 

In  THE  CHARGE  OF  CaFT.  W.  M.  BLACK,  CORPS  OF  ENGINEERS 11 

ESTIMATES  OF  APPROPRIATIONS  FOR  FORTIFICATIONS  REQUIRED  FOR 

1892-'93 11 

THE  BOARD  OF  ENGINEERS. 

Officers  eooBtitnting  Board,  snmmary  of  reports  rendered,  11;  additional  duties 

of  indiyidnal  members,  14. 

POST    OF   WILLET8    POINT,    NEW   YORK.-.UNITED    STATES    ENGINEER 
SCHOOL.— BATTALION  OF  ENGINEERS.— ENGINEER  DEPOT. 

Ofhcer  cr  COKMAND,  LiBUT.  Coi..  W.  R.  King,  Corps  of  Engineers — 

Po«t  of  WiUets  Point,  United  States  Engineer  School,  Battalion  of  the  Corps  of  En- 

giueen,  15 ;  Engineer  Depot,  statement  of  ftunds,  16. 
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RIVEK  AND  HARBOR  IMPROVEMENTS. 

General  STAXEaiEXT,  removal  of  wrecks,  examinatious  and  surveys,  purchase  of 
Portage  Lake  canals,  Michigan,  17;  harbor  lines,  bridges,  18;  occupancy  or  iiyury 
of  public  works,  engineer  divisions.  South  Pass  of  the  Mississippi  River,  19. 

ATLANTIC  COAST  AND  GULF  OF  MEXICO. 

In  the  charge  of  Lieut.  Col.  Jared  A.  Smith,  Corts  op  Engineers — 

St.  Croix  River,  Mo.,  Lubec  Channel,  Me.,  19;  Mooseabec  Bar,  Me.,  Pleasant  River, 
Me.,  20;  Narraguagus  River,  Me.,  breakwater  from  Mount  Desert  to  Porcupine 
Island.  Me.,  21;  Bagaduce  River,  Me.,  22;  Penobscot  River,  Me.,  Belfast  Harbor, 
Mo.,  23;  Camden  Harbor,  Me.,  24;'Rockport  Harbor,  Me.,  Rockland  Harbor,  Me., 
25;  Kennebec  River,  Me.,  Harraiseeket  River,  Me.,  26;  Portland  Harbor,  Me., 
channel  in  Back  Cove,  Portland.  Me.,  27;  breakwater  at  mouth  of  Saco  River, 
Me.,  Saco  River,  Me.,  28;  Kenneounk  River^  Me.,  York  Harbor,  Me.,  29;  Ports- 
mouth Harbor>  N.  H.,  Bellamy  River,  N.  H.,  30;  Cocheco  River,  N.  H.,harbor  ot 
refuge  at  Little  Harbor,  N.  H.,  31;  removing  sunken  vessels  or  craft  obstructing 
or  endangering  navigatio]i,  examinations  and  surveys,  32. 

In  the  charge  of  Lieut.  Col.  S.  M.  Mansfield,  Corps  of  Engineers— 

Newbnryport  Harbor,  Mass.,  33;  Mcrrimao  River,  Mass.,  34;  Powow  River,  Mass., 
Ipswich  River,  Mass.,  .35;  harb6r  of  refuge,  Sandy  Bay,  Cape  Ann,  Mass.,  Glouces- 
ter Harbor,  Ma.ss.,  36;  Manchester  Harbor,  Mass.,  37;  Salem  Harbor,  Mass.,  38; 
Lynn  Harbor,  Mass.,  39;  Winthrop  Harbor,  Mass.,  Boston  Harbor,  Mass.,  40;  Wey- 
mouth River,  Mass.,  Hiugham  Harbor,  Mass.,  42;  Scituate  Harbor,  Mass.,  43; 
Plj'mouth  Harbor,  Mass.,  Wellfleet  Harbor,  Mass.,  4-A;  Provincetown  Harbor, 
Mass.,  45;  Chatliam  Harbor,  Mass.,  examinations  and  surN'cys,  46. 

In  the  charge  of  Maj.  W.  R.  Livermore.  Corps  of  Engineers— 

Harbor  of  refuge  at  Hyanuis.  Mass.,  harbor  of  refiige  at  Nantucket,  Mass.,  48; 
Marthas  Vineyard  inner  haroor  at  Edgartowu^  Mass.,  49;  Vineyard  Haven  Harbor, 
Mass.,  Wareham  Harbor,  Mass.,  50;  New  Bedford  Harbor,  Mass,  51 ;  Westport  Har- 
bor, Mass.,  52 ;  Taunton  River,  Mass.,  53;  Pawtucket  River,  R.  I.,  Providence  River 
and  Narragansett  Bay,  R.  I.,  54 ;  removal  of  Green  Jacket  Shoal,  Providence  River, 
R.  I.,  55;  Greenwich  Bay,  R.  I.,  56;  cove  and  water-way  near  Coaster  Harbor 
Island,  R.  I.,  Newport  Harbor,  R.  I.,  57;  harbor  of  refuge  at  Point  Judith,  R.  I., 
58;  harbor  of  refuge  at  Block  Island,  R.  I..  59;  Pawcatuck  River,  R.  I.  and  Conn., 
harbor  of  refuge  at  Stonington,  Conn.,  oO;  Removing  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  61 ;  examinations  and  surveys,  62. 

In  the  charge  of  Col.  D.  C.  Houston,  Corps  of  Engineers^ 

Mystic  River,  Conn.,  Thames  River,  Conn.,  63;  New  London  Harbor,  Conn.,  Connec- 
ticnt  River.  Mass.  and  Conn.,  64;  Duck  Island  Harbor,  Conn.,  Clinton  Harbor, 
Conn.,  66;  New  Haven  Harbor,  Conn.,  67;  breakwater  i<  New  Haven,  Conn.,  68; 
Milford  Harbor,  Conn.,  Housatonic  River,  Conn.,  69;  Bridgeport  Harbor^onn., 
Black  Rock  Harbor,  Conn.,  70:  Nor  walk  Harbor,  Conn.,  Wilson  Point  Harbor, 
Conn.,  71;  Five  Mile  River  Haroor,  Conn.,  Stamford  Harbor,  Conn.,  72;  Port  Clies- 
ter  Harbor,  N.  Y.»  73 ;  Larchmont  Ilarbor,  N.  Y.,  Echo  Harbor,  Now  Rochelle,  N.  Y., 
Now  Rochelle  Harbor,  N.  Y.,  74 ;  East  Chester  Creek,  N.  Y.,  Greenport  Harbor,  N. 
Y.,  75;  harbor  at  Port  Jeiferson  Inlet,  N.  Y.,  Huntington  Harbor,  N.  Y.,  76;  Glon 
Cove  Harbor,  N.  Y.,  Flushing  Bay,  N.  Y.,77;  Patchogue  River,  N.Y.,  78;  Brown's 

•  Creek,  Say  ville,  N.  Y.,  examinations  and  surveys,  79. 

In  the  charge  of  Lieut.  Col.  G.  L.  Gillespie,  Corps  or  Engineers— 

Hudson  River,  N.Y.,  81;  harbor  at  Saugerties,  N.  Y.,  82;  harbor  at  Rondout.  N.Y., 
83;  Wappinger  Creek,  N.  Y.,  Harlem  River,  N.  Y.,  84;  removing  obstructions  in 
East  River  and  Hell  Gate,  N.  Y.,  86 ;  Newtown  Creek,  N.  Y..  87:  Buttermilk  Channel, 
New  York  Harbor,  88;  Gowanus  Bay,  N.  Y.,  89;  New  York  Harbor,  N.  Y.,  90;  Rari- 
tan  Bay,  N.  J.,  92^  removing  sunken  vessels  or  craft  obstructing  or  endangering 
navigation^  oxanunations  and  surveys,  93. 
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Ik  THE  CBULRGE  OF  CaPT.  TROMAS  L.  CaSST.  CORP8  OF  EKGIKEERS— 

fiompawanuB  Inlet,  N.  Y.,  94;  Canarsie  Bay,  N.  Y.,  96;  Sheepshead  Bay,  N.  Y.,  96; 
Aithnr  RUl.  N.  Y.  and  N.  J.,  97 5  channel  between  Staten  Island  and  New  Jersey,  98 ; 
FlB§Baic  River,  K.  J.,  99;  Elizabeth  Riyer,  N.J.,  100;  Rahwav  River,  N.J.,  101; 
Raritan  River^  N.  J.,  102;  Sonth  River,  N.  J.,  103;  Keyport  Harbor  N.  J.,  Matta- 
wan  Creek,  K.  J.,  1(^;  Shoal  fiarbor  and  Compton  Creek,  N.  J.,  105;  Shrewsbury 
River,  N.  J.,  Manasqaan  (Sqnan)  River,  N.  J.,  106;  removing  sunken  vessels  or  orait 
obstracting  or  endangering  navigation,  examinations  and  snrvey,  107. 

Is  THE  CHARGE  OP  MaJ.  C.  W.  RaTMOXD,  CORPS  OF  EKGIKBERS— 

Delaware  River,  Pa.  and  N.  J.,  108;  harbor  between  Philadelphia,  Pa.,  and  Cam- 
den, X.  J.,  110:  8chnylkill  ^ver.  Pa.,  112;  ice>harbor  at  Marcus  Hook,  ra.,  ice-har- 
bor at  head  of  I>elaware  Bay,  Del.,  113;  construction  of  iron  pier  in  Delaware  Bay 
Bear  Lewes,  Del.,  114;  harbor  at  Delaware  Breakwater,  Del.,  115;  Rancooas  River, 
K.  J.,  116;  Alloway  Creek,  N.  J.,  Maurice  River,  N.  J.,  117;  removal  of  wrecks  from 
Delaware  Bay  and  River,  removing  sunken  vessels  or  craft  obstructing  or  endan- 
gering navi^tion,  examinations  and  surveys,  118. 

« 

fS  THE  CHARGB  OF  WiLLIAM    F.   SMITH,   UnFTEI)  STATES  AOENT,  MAJOR  OF  ENQI- 

YEER9»  U.  S.  Armt,  Retired— 

l^hninfton  Harbor,  Del.,  119;  ice-harbor  at  New  Castle,  Del.,  120;  Appoquinni- 
mink River,  Del.,  Smyrna  River,  Del.,  121;  St.  Jones  River,  Del.,  Mispillion  Creek, 
Del.,  Broadkiln  River,  Del.,  122;  inland  water-way  from  Chincoteagne  Bay,  Va., 
to  Delaware  Bay,  at  or  near  Lewes,  Del.,  123;  Susquehanna  River,  above  and  be- 
lov  Havre  de  Grace,  Md.,  Nqrth  East  River,  Md.,  124;  Elk  River,  Md.,  125;  Fair- 
lee  Creeky  Md.,  Chester  River,  Md.,  from  Crumpton  to  Jones  Landing,  126;  Chop- 
tank  River.  Md.,  Cambridge  Harbor,  Md.,  127;  Wicomico  River,  Md.,  128:  Mauo- 
UnRiver^  Md.,  Onancock  Harbor,  Va.,  129;  harbor  at  Cape  Charles  City,  va.,  and 
approaches  by  Chenton  (Cherrystone)  Inlet,  130;  removing  sunken  vessels  or  crafb 
obstructing  or  endangering  navigation,  examinations  and  surveys,  181. 

Is  TBI  CHARGE  OF  COL.   WiLLIAM  P.   CRAIGHILL,  COBPS  OF  ENGINEERS — 

Pitapsco  River  and  channel  to  Baltimore,  Md.,  132;  James  River,  Va.,  134;  exami- 
ution,  135.  / 

Is  THE  CHARGE  OF  LlEUT.   COL.  PeTEK  C.   HaINS,   CoRTS  OF  ENGINEERS — 

Potomac  River  at  Washington,  D.  C,  135;  Potomac  River  at  Mount  Vernon,  Va., 
Oecoquan  Creek,  .Va.,  iSS;  Aquia  Creek,  Va..  139;  harbor  at  Breton  Bay,  Md., 
Komiui  Creek,  Va.,  140;  Patuxent  River,  Ma.,  141;  Rappahannock  River,  Va., 
Urbana  Creek,  Va.,  142;  York  River,  Va.,  143:  Mattaponi  River,  Va.,  144;  Pa- 
mmikey  River,  Va.,  examinations  and  surveys,  145. 

In  the  charge  of  Capt.  G.  J.  Fiebeger,  Corps  of  Engineers — 

Harbor  of  Norfolk,  and  its  approaches,  Va.,  146;  approach  to  Norfolk  Harbor  and 
tte  United  States  (Norfolk)  navy-yard  between  Lambert  Point  and  Fort  Norfolk, 
147;  Hampton  Creek  and  Bar,  Va.,  Nansemond  River,  Va.,  148;  Chickahominy 
River,  Va.,  149;  Appomattox  Hiver,  Va.,  150;  inland  water  route  from  Norfolk 
Harbor,  Va.^  to  Albemarle  Sound,  N.  C,  through  Currituck  Sound.  North  Land- 
ing River,  Va.  and  N.  C,  151;  Currituck  Sound,  Coanjok  Bay,  ana  North  River 
Bar,  N.  C.,  examinations,  152. 

In  thk  charge  of  Capt.  W.  H.  Bixby,  Corps  of  Engineers— 

Staunton  River,  Va.,  153 ;  Roanoke  River,  Va.  and  N.  C,  154 ;  Pasquotank  River,  N.  C, 
Ma^ey  Creek,  N.  C,  155;  Ocracoke  Inlet,  N.  C,  Fishing  Creek,  N.  C,  156;  Pam- 
lioo  and  Tar  rivers,  N.  C,  167;  Contentnia  Creek,  N.  C,  Trent  River,  N.  C,  158; 
Neuse  River,  N.  C,  159;  inland  water-way  between  New  Berne  and  Beaufort.  N.  C, 
IGO;  harbor  at  Beaufort,  N.  C,  161;  inland  water-way  between  Beaufort  Harbor 
and  New  River,  N.  C,  water-way  between  New  River  and  Swansboro,  N.  C,  162; 
New  River,  N.C.,  163;  North  East  (Cape  Fear)  River,  N.C.,  Black  River,  N.C., 
16^^ ;  Cape  Fear  River,  N.  C,  above  Wilmington,  165 ;  Cape  Fear  River,  N.  C,  at  ana 
below  Wilmingtou,  166;  Lockwood's  Folly  River,  N.  C,  Yadkin  River,  N.  C.,  167; 
harbor  at  Georgetown,  S.  C,  168;  Wiuyiiw  Bay,  S.  C,  removing  sunken  vessels  or 
oraA  obatmcting  or  endangering  navigation,  169;  examinations,  170. 


IV  CONTENTS. 

In  the  ghabgb  of  Capt.  Fbedkric  V.  Abbot,  Corps  of  Enginekbs— 

Wftccamaw  River  to  Waocamaw  Lake,  N.  C.  and  S.  C^  170;  Lumber  Rivor,  N.  C.  and 
S.  C,  Little  Pedee  River,  S.  C,  171;  Great  Pedee  Kiver,  8.  C,  Clark  River,  S.  C, 
172;  Mingo  Creek,  8.  C,  Santee  River,  8.  C,  173:  Wateree  River,  S.  C,  Congaree 
River.  8.  C.,  174:  Charleston  Harbor,  8.  C,  175;  Aaldey  River,  S.  C,  Wappoo  Cut,  8. 
C,  176 ;  Edifito  River,  8.  C,  177 ;  8alkahatchie  River,  8.  C,  Beaufort  River,  8.  C,  re- 
moving sunken  vessels  or  craft  obstruoting  or  endangering  navigation,  178;  exam- 
ination, 179. 

In  the  charge  of  Capt.  O.  M.  Carter^  Corps  of  Engineers — 

Savannah  River  and  Harbor,  Ga.,  179;  Savannah  River,  Ga.,  Darien  Harbor,  Ga., 
180;  Altamaha  River,  Ga.,  Ooonee  River,  Ga.,  181;  Ocmuleoe  River,  Ga.,  Bruns- 
wick Harbor,  Ga.,  182;  Jekyl  Creek,  Ga.,  183;  Cumberland  Sound,  Ga.  and  Fla., 
removing  sunken  vessels  or  craft;  obstructing  or  endangering  navigation,  exami- 
nations and  surveys,  184. 

In  the  change  op  Capt.  W.  M.  Black,  Corps  of  Engineers— 


Sarasota  Bay.  Fla.,  Manatee  River,  Fla.,  191:  Tampa  Bay,  Fla.,  192;  Withlacoo- 
ohee  River,  Fla.,  harbor  at  Cedar  Keys,  Fla.,  193;  Suwanee  River,  Fla.,  194;  exam- 
inations, 195. 

In  the  charge  of  Capt.  Philip  M.  Price,  Corps  of  Engineers— 

Apalachicola  Bay,  Fla.,  196;  Apalachicola  River,  Fla.,  including  Lee  Slough.  197; 
Flint  River,  Ga.,  198;  Chattauioochee  River,  Ga.  and  Ala.,  199;  La  Grange  Bayou 
and  Holmes  River,  Fla^  200;  Choctawhatchee  River,  Fla.  and  Ala.,  201;  harbor 
atPensacola,  Fla.,  202;  Escambia  and  Conecuh  rivers,  Fla.  and  Ala.,  203;  Alabama 
River,  Ala.,  204;  Tallapoosa  River,  Ala.,  206;  Coosa  River,  Ga.  and  Ala.,  207;  op- 
erating ana  care  of  canals  and  other  works  of  navigation  on  Coosa  River,  Ga.  and 
Ala.,  Cahaba  River,  Ala.,  210;  examinations,  211. 

In  the  charge  of  Maj.  A.  N.  Damrell,  Corps  of  Engineers — 

Mobile  Harbor,  Ala.,  211;  Warrior  and  Tombigbee  rivers,  Ala.  and  Miss.,  212;  Black 


Pearl  River,  Miss.,  between  Jackson  and  Carthage,  Pearl  River,  Miss.,  between 
Edinburg  and  Carthage,  Bogue  Chitto,  La.,  220;  examination,  221. 

In  the  charge  of  Maj.  James  B.  Quinn,  Corps  of  Engineers— 

Inspection  of  the  improvement  of  the  South  Pass  of  the  Mississippi  River,  221; 
Chefiincte  (Tchefuncte)  River  and  Bogue  Falia,  La.,  Tickfaw  River  and  its  tribu- 
taries, La.,  222;  Amite  River  and  Bayou  Manchac,  La.,  223;  Bayou  La  Fourche, 
La.,  Bayou  Terrebonne,  La.,  224:  Bayou  Plaquemino,  La.,  Bayou  Courtableau, 
La.,  225;  Bayou  Teche,  La.,  mouth  and  passes  of  Calcasieu  River,  La.,  226;  har- 
bor at  Sabine  Pass,  Tex.,  227;  Sabine  River,  Tex.,  Neches  River,  Tex.,  removing 
sunken  vessels  or  crafb  obstruoting  or  endangering  navigation,  2128;  examinations 
and  survey,  229. 

In  the  charge  of  Lieut.  John  BiiLLis,  Corps  of  Engineers— 

Securing  mouth  of  Bayou  Plaquemine,  La.^  from  farther  caving,  removing  sxmken 
vessels  or  craft  obstruoting  or  endangering  navigation  of  New  Orleans  Harbor^ 
La.,  231. 

In  the  charge  of  Maj.  Charles  J.  Allen,  Corps  of  Engineers — 

Entrance  to  Galveston  Harbor,  Tex.,  231;  ship  channel  in  Galveston  Bay,  Tex.,  282; 
Trinity  River,  Tex.,  Cedar  Bayou,  Tex.,  233;  Buffalo  Bayou,  Tox.,  harbor  at  Br»- 
SOS  Santiago,  Tex.,  234;  examinations  and  survey,  235. 
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WESTERN  RirERS. 

Is  THE  CHABQE  OF  CaPT.  J.   H.   WiLLARD,   CORPS  OF  ENGINEERS— 

Bed  River,  La.  and  Ark..  236;  Red  River  above  Fulton,  Ark.,  237;  Ouachita  and 
Black  livers.  Ark.  and  La.,  238;  Ouachita  River  above  Camden,  Ark.,  239;  Bayou 
I/ATboime,  La.,  Bay  on  Bartholomew,  La.  and  Ark.,  240 ;  Bayou  Boeuf  (Boeuf  River) 
La.,  Tensas  River  and  BavouMa^ou,  La.,  241;  bayous  Rondeway  and  VidaL  La., 
Big  Black  River,  Miss.,  242;  YazOo  River,  Miss.,  ^3;  Tchula  Lake,  Miss.,  Talla- 
h*tchee  Iliver,  Miss.^  Steele  Bayou  and  Washington  Bayou,  Miss.,  244 ;  Big  Sun- 
iowcr  River,  Miss.,  245;  Bi^  Hatchee  River,  Tenn..  Forked  Deer  River,  Tenn., 
viter  gauges  on  Mississippi  River  and  its  principal  tributaries,  246;  survey  of 
Crpress  Bay  on  and  the  lakes  between  Jefferson,  Tex.,  and  Shreveport,  La.,  246; 
examinations,  249. 

Is  THE  CHARGE  OF   CaPT.   H.   S.  TaBER,   CORPS  OF  ENGINEERS — 

Somving  obstmctions  in  Arkansas  River,  Ark.,  Ind.  Ter.,  and  Eans..  249;  Arkan- 
sas River,  Ark.,  Ind.  Ter.,  and  Kans.,  250;  Fourche  River,  Ark^  251;  Petit  Jean 
Ever,  Ark.,  White  River,  Ark.,  252;  Cache  River,  Ark.,  253;  Little  Red  River, 
Ark.,  Black  River,  Ark.  and  Mo.,  254;  Black  River,  Mo.,  St.  Francis  River,  Ark.. 
2^;  St.  Francis  River,  Mo.,  Little  River,  Mo.  and  Ark.,  256;  examinations  ana 
snrvey,  257. 

br  THE  CHABGE  OF   CaPT.   S.  W.  ROESSLER,   CORPS  OF  ENGINEERS — 

Examimitions  of  Mississippi  River,  at  Memphis  Harbor.  Tenn.;  from  Lake  CoL^ty, 
lean.,  to  Folton  County,  Ky.,  north  and  west  of  Reeifoot  Lake,  257. 

br  THI  CHARGE  OF  MaJ.   A.  M.  MiLLER,   CORPS  OF  ENGINEERS — 

Semcring  snaffs  And  wrecks  from  Mississippi  River,  258 ;  Mississippi  River  between 
the  Ohio  and  Illinois  rivers,  259;  harbor  at  St.  Louis.  Mo.,  260;  Gasconade  River, 
Mo.,  261;  Osage  River,  Mo.,  262;  Kaskaskia  River,  HI.,  263. 

bl  IKE  CHARGE    OF  MaJ.   E.  H.  RuFFNER,  CORPS  OF  ENGINEERS — 


ippi  River  between  Des  Moines  Rapids  and  mouth  of  Illinois  River,  263;  ez- 
aoination,  264. 

lar  THE  CHARGE  6f  Maj.  A.  Mackenzie,  Corps  of  Engineers — 

Openting  snag  boats  and  flredge  boats  on  Upper  Mississippi  River,  264;  Mississippi 
KiTer  ^tween  Minneapolis  and  Des  Moines  Rapids,  265^  Des  Moines  Rapids,  Mis- 
eiasippi  River,  operating  and  care  of  Des  Moines  Rapids  Canal  and  Dry  Dock, 
266;  examinations  and  survey,  267. 

LV  THE  CHARGE  OF  MaJ.   W.  A.  JONES,   CORPS  OF  ENGINEERS — 

Mississippi  River  above  Falls  of  St.  Anthony,  Minn.,  reservoirs  at  headwaters  of 
Kissiseippi  River,  268;  Chippewa  River,  including  Yellow  Banks,  Wis.,  270;  St. 
Croix  River,  Wis.  and  Minn.,  Minnesota  River,  Minn.,  271;  Red  River  of  the 
North,  Minn,  and  N.  Dak.,  272;  gauging  Mississippi  River  at  or  near  St.  Paul, 
Minn.,  273;  examinations  and  survey,  274. 

In  the  charge  of  Lieut.  Col.  Charles  R.  Scter,  Corps  of  ENGiinfiERs — 

Examination  of  Missouri  River,  from  the  old  mouth  of  Platte  River,  Little  Point,  to 
ft  point  opposite  Leavenworth;  and  at  Weston,  Mo.,  275. 

Ik  THE  CHARGE  OF  CaPT.   ChaS.  F.  PoWELL,   CoRPS  OF  ENGINEERS— 

Missouri  River  between  the  Great  Falls,  Mont.,  and  Sioux  City,  Iowa,  275;  Yellow- 
stone River,  Mont,  and  N.  Dak.,  276;  examinations  and  surveys,  277. 

Ik  the  CHARGE  OF  LiEUT.  CoL.  J.  W.  Barlow,  Corps  of  Engineers — 

Tennessee  River  above  Chattanooga,  Tenn.,  and  below  Bee  Tree  ShoJl,  Ala.,  278; 
Hiawassee  River,  Tenn.,  French  Broad  River,  Tenn.,  280;  Clinch  River,  Tenn., 
281;  Cumberland  River,  Tenn.  and  Ky.,  282;  Caney  Fork  River,  Tenn.,  284; 
SoQth  Fork  of  Cumberland  River,  Ky.;  examinations  and  survey,  285. 


Vt  60N*EKta. 

In  the  chabge  of  Lieut.  Georob  W.  Gosthals,  Corps  of  Ekgikeers— 

Tennessee  River  between  Chattanooga,  Tenn.,  and  foot  of  Bee  Tree  Shoals,  Ala.,  286; 
operating  and  care  of  Mnscle  Shoals  Canal^  Tennessee^  River,  287 ;  examination, 

In  the  charge  of  Lieut.  Col.  William  £.  Merrill,  Corps  of  Engineers— 

Ohio  River,  288  j  operating  snag  boats  on  Ohio  River,  operating  and  care  of  DaviB 
Island  Dam,  Ohio  River,  movable  dam  in  Ohio  Kiver  near  mouth,  of  Beaver 
River,  Pa.,  Monongahela  River,  W.  Va.  and  Pa.,  290;  operating  and  oare  of 
looks  and  dams  Kos.  8  and  9,  Mononsahela  River,  purchase  of  Lock  and  Dam 
2^0.  7,  Monongahela  River,  purchase  of  Lock  and  Dam  No.  6.  Monongahela  River, 
Cheat  River,  W.  Va.,  291 ;  AUeghen v  River,  Pa.,  dam  at  Herr  Island,  Allegheny 
River,  292 ;  ice-harbor  at  month  of  Muskingum  River,  Ohio,  Muskingum  Kiver, 
Ohio,  operating  and  care  of  locks  and  dams  on  Muskingum  River,  Ohio,  293;  ex- 
aminations, 294. 

In  the  charge  of  Maj.  G.  J.  Lydecker,  Corps  of  Engineers —  " 

Falls  of  the  Ohio  River,  Louisville,  Ky.,  295;  Indiana  Chute.  Falls  of  the  Ohio 
River,  operating  and  care  of  Louisville  and  Portland  Canal,  Ky.,  296;  Wabfush 
River,  lud.  and  111.,  297 ;  White  River,  Ind.,  examination,  298. 

In  the  charge  of  Col.  William  P.  Craighill,  Corps  of  Engineers— 

Great  Kanawha  River,  W.  Va.,  299;  operating  and  care  of  locks  and  dams  on  Great 
Kanawha  River,  W.  Va.,  Elk  River,  W.  Va.,  300;  Gauley  River,  W.  Va.,  801:  New 
River,  from  the  mouth  of  Wilson,  in  Grayson  Coimty,  Va.,  to  the  moutn  of  Green- 
briar  River,  W.  Va.,  302;  examination,  303. 

In  the  charge  of  Maj.  D.  W.  Lockwood,  Corps  of  Engineers— 

Tradewater  River,  Ky.,  operating  and  keeping  in  repair  locks  and  dams  on  Green 
and  Barren  rivers,  Ky.,  304 j  Rough  River,  Ky.,  Kentucky  River,  Ky.,  305;  oper- 
ating and  keepinjr  in  repair  locks  and  dams  on  Kentuckv  River,  Ky.,  Licking 
River,  Ky.,  from  Farmer  to  West  Liberty,  306;  Big  Sandy  River,  W.  va.  and  Ky., 
Lovisa  Fork.  Big  Sandy  River,  Ky.,  307;  Tug  Fork^  Big  Sandy  River,  W.  Va.  and 
Ky.,  Guyandotte  River,  W.  Va.,  Little  Kanawha  River,  W.  Va.,  308;  Buckhannon 
River,  W.  Va.,  examinations,  309. 

LAKE  HARBORS  AND  RIVERS. 

In  the  charge  of  Capt.  W.  L.  Fisk,  Corps  of  Engineers— 

Harbor  at  Grand  Marais,  Minn.,  310;  harbor  at  A^ate  Bay,  Minn.,  harbor  at  Duluth, 
Minn.,  311;  harbor  at  Superior  Bay  and  St.  Louis  Bay,  Wis.,  812;  Minnesota  Point, 
at  Superior,  Wis.,  harbor  at  Ashland,  Wis.,  313;  harbor  at  Ontonagon,  Mich.,  314; 
Eagle  Harbor,  Mich.,  harbor  at  Marquette,  Midi.,  315;  harbor  of  refuge  at  Grand 
Marais,  Mich.,  resurvey  and  relocation  of  liarbor  line  in  Portage  Lake,  Houghton 
County,  Mich.,  examinations  and  survey,  816. 

In  the  charge  of  Maj.  Charles  E.  L.  B.  Davis,  Corps  of  Engineers— 

Manistique  Harbor,  Mich.,  317^  Cedar  River  Harbor,  Mich.,  Menomonee  Harbor, 
Mich,  and  Wis.,  Menomonee  River,  Mich,  and  Wis.,  318;  Oconto  Harbor,  Wis.,  Pen- 
saukee  Harbor,  Wis.,  319;  Green  Bay  Harbor,  Wis.,  320;  harbor  of  refuge  nt  en- 
trance of  Sturgeon  Bay  Canal,  Wis.,  Ahnapee  Harbor,  Wis.,  321;  Kewaunee  Har- 
bor, Wis.,  Two  Rivers  Harbor,  Wis.,  322;  Manitowoc  Harbor,  Wis.,  Sheboygan 
Harbor,  Wis.,  323;  Port  Washington  Harbor,  Wis.,  324;  harbor  of  refuge  at  Mil- 
waukee Bay,  Wis.,  Milwaukee  Harbor,  Wis.,  325;  Racine  Harbor,  Wis.,  Kenosha 
Harbor,  Wis.,  326;  Waukecan  Harbor,  111.,  327;  Fox  and  Wisconsin  rivers.  Wis., 
328;  operating  and  care  of  locks  and  dams  on  Fox  River,  Wis.,  329. 

In  the  change  of  Capt.  W.  L.  Marshall,  Corps  of  Engineers— 

Chicago  Harbor,  111.,  329;  Calumet  Harbor,  111.,  330:  Calumet  River,  lU.  and  Ind., 
331;  Illinois  River,  111.,  382;  operating  and  care  of  La  Grange  Lock,  Illinois  River, 
111.,  333;  Illinois  and  Mississippi  Canal^  334;  examination  and  survey,  335. 
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fir  IHE  CHARGK  OF  MaJ.  WlLLIAM  LUDLOW,  CORPS  OF  EkGINEBRS— 

IVtoekey  Harbor,  Mich.,  Charlevoix  Harbor  and  entrance  to  Piue  Lake,  Mich.,  336; 
Krankibrt  Harbor,  Mich.,  harbor  of  refn^^e  at  Portage  Lakc;  Mich.,  337;  Maniatee 
Harbor.  Mich.,  Lndinf^rton  Harbor,  Mich.,  338;  Pentwater  Harbor,  Mich.,  White 
SiTer  tiarbor,  Mich.,  S39;  Muskegon  Harbor,  Mich.,  Grand  Haven  Harbor,  Mich., 
340;  Holland  (Black  Lake)  Harbor,  Mich.,  341;  Sangatnck  Harbor,  Mich.,  South 
Hftven  Harbor,  Mich.,  342;  St.  Joseph  Harbor,  Mioh.,  St.  Joseph  Biver,  Mich.,  343; 
Michigan  City  Harbor,  Inu.,  344;  examination  and  survev,  345. 

IlTHK  CnARQB  OF  COI*.  O.  M.  POB,  CORP8  OF  EXGIXEEIIS — 

&  Marys  Eiver,  Mich.,  345;  operating  and  care  of  St.  Marys  Falls  Canal,  Mich., 
diy  dock  at  St.  Marys  Falls  Canal,  Mich.,  346;  Hay  Lake  Channel,  St.  Marys 
River,  Mich.,  347 ;  harbor  at  Cheboygan,  Miclu,  harbor  at  Thunder  Bay,  Mich.,  848 ; 
Hiander  Bay  River,  Mich..  350;  harL>or  at  Au  Sable,  Mich.,  Saginaw  Kiver,  Mich., 
3ol;  harbor  of  refuge  at  Sand  Beach,  Lake  Huron,  Mich.,  353;  Black  S^ver  at 
Port  Huron,  Mieh.^  354;  mouth  of  Black  Kiver,  Mich.,  355;  St.  Clair  Flats  Ca^al, 
Mich.,  356;  operating  and  care  of  St.  Clair  Flats  Canal,  Mich.,  Clinton  River,  Mich., 
358;  Grosse  Pointe  Channel,  Mich.,  359;  Rouge  River,  Mich.,  360;  Detroit  River,  . 
Hloh.,  removing  simken  vessels  or  craft  obstructing  or  endangering  navigation, 
361;  examinations,  362. 

br  THE  CHARGE   OF   MaJ.  L.   COOPER  OVERMAN,   CORPS  OP  ENGINEERS — 

Xooroe  Harbor,  Mich.,  363;  Toledo  Harbor.  Ohio,  361;  Port  Clinton  Harbor,  Ohio, 
385;  Sandnskv  City  Harbor,  Ohio,  Sanunsky  River,  Ohio,  366;  Huron  Harbor, 
(Mo,  367;  Vermillion  Harbor,  Ohio,  368;  Black  River  Harbor,  Ohio,  369:  Cleve- 
land Harbor,  Ohio,  370;  Fairport  Harbor,  Ohio,  371;  Ashtabula  Harbor,  Ohio,  372 ; 
examinations  and  surveys,  373. 

l5  THE  CUARGB    OF  MaJ.  AMOS  StiCKNEY,  C0R1»S  OF  .ENGINEERS— 

Erie  Harbor,  Pa.,  373;  preservation  and  protection  of  X)enin8ula  at  Presque  Isle, 
Erie  Harbor,  Pa.,  Dunkirk  Harbor.  N.  Y.,  374;  Buffalo  Harbor,  N.  Y.,  375;  Tona- 
winda  Harbor  and  Niagara  River,  N.  Y.,  Wilson  Harbor,  N.  Y.,  376;  Olcott  Harbor, 
X.Y.,  Oak  Orchard  Harbor,  N.  Y.,  377;  examination  and  survey,  378. 

ti  THE  chargk  of  Capt.  Dan  C.  Kingman,  Corps  op  Engineers— 

Chirlotte  Harbor,  N.  Y.,  378 ;  Pultncy  ville  Harbor,  N.  Y.,  379;  harbor  at  Great  Sodus  • 
Ba?,N.  Y.,  harbor  at  Little  Sodus  Bay,  N.  Y.,  380;  Oswego  Harbor,  N.  Y.,  881;  har- 
bor at  Sacketts  Harbor,  N.  Y.,  382. 

IV  THE  CHARGK  OF  MaJ.  M.  B.  AdaMS,  CORPS  OF  ENGINEERS — 

Shoal  between  Sister  Islands  and  Cross-over  Light,  St.  Lawrence  River,  N.  Y.,  Og- 
doiiburg  Harbor,  N.  Y.,  383;  Grass  River,  N.  i.,  breakwater  at  Rouse  Point,  Lake 
Champlain,  N.  Y.,  384;  Great  Chazy  River,  N.  Y.,  breakwater  at  Gordon  Landing, 
Lake  Chainplain,  Vt.,  Plattsburg  Harbor,  N.  Y.,  385;  Burlington  Harbor,  Vt., 
Otter  Creek,  Vt.,  886;  Ticonderoga  River,  N.  Y.,  Narrows  of  Lake  Champlain, 
N.  Y.  and  Yt.,  387;  examinations,  ^88. 

PACIFIC  COAST. 

fcf  THE  .cuargb  OF  CoL.  G.  H.  Mbndell,  Corps  of  Engineers— 

Oakland  Harbor^  Cal.,  388;  survey  of  San  Francisco  Harbor,  San  Pablo  and  Suisun 
bays.  Strait  of  Carquinez,  and  mouths  of  San  Joaquin  and  Sacramento  rivers,  Cal., 

Is  THB  CHAKGB   OF  LlEUT.  COL.  W.  H.  H.  BeNYAURD,  CORPS  OF  ENGINEERS— 

Kapa  River,  Cal,,  389;  Redwood  Harbor,  Cal.,  Redwood  Creek,  Cal.,  390;  San  Luis 
Obispo  Harbor^al.,  Wilmington  Harbor,  Cal.,  391;  San  Diego  Harbor,  Cal.,  392; 
examinations,  393. 

I2f  TH«  CHABGE  OF  MaJ.  W.  H.  HeUER,  CORPS  OF  EnGIXEERS — 

Ban  Joaquin  River,  Cal.,  394;  Mokelumne  River,  Cal.,  395;  Sacramento  and  Fenthei 
rivers,  Cal.,  396;  Petaluma  Creek,  Cal.,  Humboldt  Harbor  and  Bay,  Cal.,  397; 
examination  and  snn'ey,  investigation  of  mining-debris  question  in  State  of  Cali- 
fornia, 399. 


Vin  CONTENTS. 

In  the  chabgb  of  Capt.  Thomas  W.  Symons,  Corps  op  Engineers— 

Coquille  River,  Oregon,  399;  entrance  to  Coos  Bay  and  Harbor,  Oregon,  401;  Ump- 
qua  River,  Oregon,  Siuslaw  River,  Oregon.  402 :  Yaquina  Bay,  Oregon,  403 ;  Tilla- 
mook Bay  and  Bar,  Oregon,  404;  Nelialem  Bayi  Oregon,  Upper  Columbia  and  Snako 
rivers,  Oregon  and  Wash.,  405;  Colombia  Kiver  between  head  of  Rock  Island 
Rapids  and  foot  of  Priest  Rapids,  Wash.,  406;  Chehalis  River,  Wash.,  407;  Skagit, 
Steilaquamish,  Nootsack,  Snohomish,  and  Snoqualmie  rivers.  Wash.,  408;  examin- 
ations and  surveys,  409. 

In  the  charge  of  Maj.  Thohas  H.  Handburt<  Corps  of  Engineers— 

Month  of  Columbia  River,  Oregon  and  Wash.,  412;  construction  of  canal  at  the  Cas- 
cades, Columbia  River,  Oregon,  414;  Columbia  and  Lower  Willamette  rivers  below 
Portland,  Oregon.  416;  WiUamette  River  above  Portland,  Oregon,  417;  Cowlitz 
River,  Wash.,  418;  Yoong's  and  Klaskuine  rivers,  Oregon,  gauging  waters  of  Co- 
lumbia River,  Oregon  and  Wash.,  419;  removing  sunken  vessels  or  craft  obstruct- 
ing or  endangering  navigation,  examinations  and  surveys,  420. 

EXAMINATIONS,  SURVEYS,  AND  CONTINGENCIES  OF  RIVERS  AND  HAR- 
BORS   421 

SUPERVISION  OF  THE  HARBOR  OF  NEW  YORK 422 

MISSISSIPPI  RIVER  COMMISSION 422 

MISSOURI  RIVER  COMMISSION 423 

HARBOR  LINES 428 

Lubec,  Me.,  Kennebec  River  at  Bath,  Me.,  Boston  Harbor,  Mass.,  New  York  Har- 
bor and  its  adjacent  waters,  424;  Philadelphia^  Pa.,  New  Castle,  Del.,  St.  Augus- 
tine Harbor,  l?la.,  425;  Duluth  Harbor,  Bay  of  St.  Louis,  Superior  Bay  and  a^ja- 
jent  waters,  Minn,  and  Wis.,  Portage  Lase,  Mich.,  Chicago  Harbor,  HI.,  San 
Francisco  Harbor  and  adjacent  waters,  Cal.,  San  Pedro,  Wilmington  Harbor,  Cal., 
426;  Humboldt  Bay,  Cal.,  Astoria  Harbor,  Oregon,  427. 

BRIDGING  NAVIGABLE  WATERS  OP  THE  UNITED  STATES. 

(1)  Bridge  of  Winona  and  Southwestern  Railway  Company  across  Mississippi  River 
at  Winona,  Minn. ;  (2)  bridge  across  Powow  River,  between  the  towns  of  Ames- 
bury  and  Salisbury,  Mass.,  427;  (3)  bridge  of  Clinton  and  Illinois  Bridge  Company 
across  Mississippi  River  near  Clinton,  lowa^  (4)  bridge  of  Leavenworth  and  Platte 
County  Bridge  Company  across  Missouri  River  between  Leavenworth,  Kans.,  and 
Platte  County,  Mo.,  428 ;  (5)  bridge  of  Charleston  and  South  Side  Bridge  Company 
across  Great  Kanawha  River  at  Charles  town,  W.  Va. ;  (6)  bridge  of  Oregon  Rail- 
way Extensions  Company  across  Columbia  River  near  Vancouver,  Wash. ;  (7) 
bridge  of  The  South  Bound  Railroad  Company  across  Savannah  River  near  Sister 
Ferry,  Effingham  County,  Ga.;  (8)  bridge  of  Houston,  Central  Arkansas  and 
Northern  Railroad  Company  across  Little  River,  La. ;  (9)  bridge  of  Wrightsville 
and  TennUle  rTennville)  Railroad  Company  across  Oconee  River  near  Dublin,  Ga., 
429;  (10)  bridge  of  Houston,  Central  Arkansas  and  Northern  Railroad  Compauy 
across  Ouachita  River  near  Columbia,  La. ;  (11)  bridge  of  Kansas  City  Terminasil 
Railway  Company  across  Missouri  River  near  Quindaro.  Kans.;  (12)  bridge  of 
city  of  St.  Paul,  Minn.,  across  Mississippi  River  at  St.  Paul,  Minn. ;  (13)  bridge 
of  Cable  City  Bridge  Construction  Company  across  Arkansas  Kiver  at  Dardanelie, 
Ark. ;  (14)  bridge  of  Houston,  Central  Arkansas  and  Northern  Railroad  Company 
across  Red  River  at  Upjper  Falls,  near  Alexandria,  La.^  (15)  bridge  of  Macon, 
Dublin  and  Savannah  Railroad  Company  across  Oconee  River  at  Dublin,  Ga. ;  (16) 
bridges  of  Tacoma,  Olympia  and  Grays  Harbor  Railroad  Company  across  Chehalis 
River  between  Aberdeen  and  Coemopolis,  Wash.,  and  across  Johns  River  near  its 
confluence  with  Grays  Harbor,  Wash.,  430;  (17)  bridges  of  NorfoUc  and  Western 
Railroad  Company  across  Tug  Fork  of  Big  Sandy  River,  91  and  95i  miles  above  Cat- 
lettsburg,  Ky. ;  (18)  bridge  of  Port  View  Bridge  Company  across  Youghiogheny 
River  at  McKeesport,  Pa. ;  (19)  bridge  of  Inter-State  Bridge  and  Street  Rail\^ay 
Company  across  Missouri  River  between  Council  Bluffs,  Iowa,  and  Esist  Omaha, 
Nebr. ;  (20)  bridge  of  Northern  Pacific  andPuget  Sound  Shore  Railroad  Company 
across  Duwamish  (D*Wamish)  River  ne^r  Seattle^  Wash. ;  (21)  bridge  of  Spokane 
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and  PftloQse  Railway  Company  across  Clcarwator  Kiver,  abont  11  milos  above 
Lewifton,  I<labo;  (22)  brictge  of  Allegheny  Bridge  Company  across  Allegheny 
River,  at  Sixth  street,  Pittsburg,  Pa.;  (23)  bridge  of  Messrs.  Frederick  W.  Dick- 
inson Hah  across  cbanuel  separatini;  Little  Island  team  mainland  at  Osterville, 
in  town  of  Barnstable,  Mass. ;  (24)  bridge  of  city  of  Winona,  Minn.,  across  Mif^s- 
issippi  River  at  Winona,  Minn..  431;  (25)  bridge  of  Missouri  River  and  Land 
ImproTement  and  Construction  Company  across  Missouri  River  near  mouth  of 
Kansas  River;  (26)  bridjje  of  Coos  Bay,  Roseburg  and  Eastern  Railroad  and  Navi- 
ptiou  Company  across  Coal  Bank  Slough,  in  Coos  County,  Oregon;  (27)  bridge 
cf  St.  Clair,  Madison  and  St.  Louis  Belt  Railroad  Company  across  Mississippi  River 
at  Alton,  111. ;  (28)  temporary  and  permanent  bridges  of  Chicago  and  North- Western 
Railway  Company  across  North  Branch  of  Chicago  River  near  Kinzie  street, 
Chicago,  111.;  (29)  bridj^e  of  The  Upper  Bridge  Company  across  Monongahela 
River  near  Pittsburg,  Pa. ;  (30)  bridge  of  Chicago  and  North  Michigan  Railroad 
Company  across  Pine  Lake,  near  Charlevoix,  Mich. ;  (31)  bridge  of  commissioners 
of  public  parks  of  the  city  of  New  York  across  Harlem  River  at  155th  street  and 
McComb  Dam  Road,  New  Vork  City,  432:  (32)  bridge  of  North  River  Bridge  Com- 
pany across  Hndaon  River  at  New  York  6ity;  433. 

BRIDGES  OBSTRUCTING  NAVIGATION. 

(1)  Bnd|^  across  Aahley  River^  S.  C. ;  (2)  bridge  across  Swinomish  Slough,  Wash.,  433 ; 
(3)  bridge  across  Green  River  (below  Lock  No.  1),  at  Spottsvllle,  Ky. ;  (4)  bridge 
•cross  Muskingum  River,  between  Marietta  and  Harmar,  Ohio ;  (5)  bridge  across 
Vnskinguni  River,  between  Taylorsville  and  Duncan  Falls,  Ohio;  (6)  bridge  across 
cans]  of  Muskingnm  River  at  foot  of  Main  street,  Zanesville,  Ohio ;  (7)  bridge  across 
BiyouPlaqnemine,  La.,  43't ;  (8)  bridge  across  channel  leaning  to  Back  Cove.  Port- 
hind  Harbor,  Me. :  {9)  bridge  across  Savannah  River  b6low  Augusta,  Ga. ;  (10)  bridge 
across  Tennessee  River  at  I'lorence,  Ala. ;  (11)  bridge  across  Little  Tennessee  River, 
netrNiles  Ferry,  Tenn. ;  (12)  bridge  across  Spuyten  Duyvil  Creek,  N.  Y. :  (13)  bridg^e 
ftcroBs  Trout  Creek,  Fla.,  435 ;  (14)  bridge  across  Chicago  River  at  Canal  street,  Cm- 
cago,  HI. ;  (13)  bridge  across  Kentucky  River  at  Frankfort,  Ky.,  436. 

OCCUPANCY  OF  AND  INJURY  TO  PUBLIC  WORKS  BY  CORPORATIONS  AND 

INDIVIDUALS : 436 


MISCELLANEOUS. 
WASHINGTON  AQUEDUCT. 

IX  THE  CIIAUGE   OF  LlEUT.   COL.  GeORGB  H.  ElLIOT,   CORPS  OP  ENGINEERS — 

Washington  Aqueduct,  436;  water  supply,  District  of  Columbia,  441;  increasing 
the  water  supply  of  Wivshiugton,  D.  C,  442;  erection  of  fish  ways  at  Great  Falls^ 
413. 

PUBLIC  BUILDINGS  AND  GROUNDS  AND  WASHINGTON  MONUMENT,  DIS- 
TRICT OF  COLUMBIA. 

Is  Tire  CHARGE  OF  CoL.  O.  H.  Ernst,  Major,  Corps  of  Engineers 444 

SLTIVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES. 
BURVEY  at  Marquette  Harbor,  Mich.,  445.  • 

PRINTING    AND    DISTRIBLTION    OF    CHARTS    OF   THE   NORTHERN. AND 

NORTHWESTERN  LAKES 445 

CONSTRUCTION  AND  IMPROVEMENT  OF  ROADS  AND   BRIDGES  IN  YEL- 
LOWSTONE NATIONAL  PARK. 

IX  TH£  CHARGE  OF  MaJ.  WiLLIAM  A.  JONKS,   CORPS  OF  ENGINEERS 447 

MILITARY  AND  OTHER  MAPS 449 
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partment of  the  Platte,  Division  of  the  Pacific,  450. 
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LAWS  AFFECTING  THE  CORPS  OF  ENGINEERS.  FIFTY-FIRST  CONGRESS, 

SECOND  SESSION,  1890-^1 477 

FOBTIFICATIONS,   ETC. 
APPENCK  No.  1. 

REPORT  OP  CAPT.  DAN  C.  KINGMAN,  CORPS  OF  ENGINEERS. 
Pbotection  of  sito  of  Fort  Niagara,  N.  Y.,  517. 

APPENDIX  No.  2. 

REPORT  OF  COL.  D.  C.  HOUSTON,  CORPS  OF  ENGINEERS. 

Improvements. — Sea  wall  and  embankment  at  Davids  Island,  Ne\7  York  Harbor, 
521 ;  sea  vralls  on  Governors  Island,  New  York  Harbor,  524. 

APPENDIX  No.  3. 

REPORT  OF  LIEUT.  COL.  PETER  C.  HAINS,  CORPS  OF  ENGINEERS. 

Improvemexts. — Beach  protection  at  Fort  Monroe,  Va.,  529;  water  supply  at  Fort 
Monroe,  Va.,  530  j  sewerage  system  at  Fort  Monroe,  Va.,  531. 

APPENDIX  Ko.  4. 

REPORT  OF  CAPT.  W.  M.  BLACK,  CORPS  OF  ENGINEERS. 
Repair  and  preservation  of  Fort  Marion,  St.  Augustine,  Fla.,  533. 

APPE^SDIX  No.  5. 

REPORT  OF  LIEUT.  COL.  W.  R.  KING,  CORPS  OF  ENGINEERS. 

Post  of  Willets  Point,  N.  Y.,  537;  United  States  Engineer  School,  539 ;  Battalion  of 
Engineers,  540;  Engineer  Depot,  547;  experiments,  550;  statement  of  funds,  551; 
estimates,  553.  Appendixes :  B,  programme  of  study  and  instruction  for  winter 
season,  553;  C,  x»rogramnie  of  study  and  instruction  for  summer  season,  556;  D, 
tests  of  explosives,  559;  E,  tests  of  building  materials,  565. 
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RIVEES   AND  HAEB0R8,  ETC. 

APPENDIX  A. 

REPORT  OP  LIEUT.  COL.  JARED  X.  SMITH,  CORPS  OF  ENGINEERS. 

biPROVEXENTS. — St.  Croiz  River,  Me.,  570;  Labeo  Chaunol.  Me.,  571:  Hooseabeo 
Bar,  Me..  573;  Pleasant  River,  Ve.,  573;  Karragnaffiis  River.  Me.,  574;  breakwater 
from  Koaiit  Desert  to.  Porcupine  Island,  Me.,  5^6;  Bagaidoce  River,  Me.,  578; 
Penobscot  River,  Me.,  579;  Belfast  Harbor,  Me.,  686;  Caniden  Harbor,  Me.,  587; 
Roekport  Harbor,  Me.,  588;  Rockland  Harbor,  Me..  589;  Kennebeo  River,  Me..  590; 

'  ELarraseeket  River,  Me.,  594;  Portland  Harbor,  Me.,  595;  channel  in  Back  Cove, 
Portland,  Me.,  597;  breakwater  at  mouth  of  Saco  River,  Me.,  598;  Saco  Rirer,  Me., 
399;  Kennebnnk  River,  Me.,  601;  York  Harbor,  Me.,  602;  Portsmouth  Harbor,  N. 
H.,  604;  Bellamy  River,  N.  H.,  605;  Cocheco, River.  K.  H.,  607;  harbor  of  refuge  at 
Little  Harbor,  N.  H.,  608;  removing  sunken  vessels  or  craft  obstructing  or  endan- 
gering navigation,  609. 

EXAUiXATioxs. — Harbor  of  Blue  Hill,  Mo.,  611;  Pepperell  Cove,  Me.,  614;  Lnbeo 
Channel,  Me.,  616;  Sullivan  Falls,  Me.,  619. 

Haiebor  Lix£S. — ^Establishment  of  harbor  lines  at  Lubec,  Mo.,  621 ;  establishment 
of  harbor  lines  in  Kennebec  River  at  Bath,  Me.,  622. 
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APPENDIX  B. 

REPORT  OF  LIEUT.  COL.  S.  M.  MiJJSFIELD,  CORPS  OF  ENGINEERS. 

bCPBOVEXTEXTS. — N'3wbnrTport  Harbor,  Mass.,  626;  Morrimac  River,  Mass.,  628; 
Fowow  River,  Mass..  630;  Ipswich  River,  Mass.,  631;  harbor  of  refuge,  Sandy  Bay, 
Cspe  Ann,  Mass.,  63^;  Gloucester  Harbor,  Mass.,  635;  Manchester  Harbor,  Mass., 
^;  Salem  Harbor,  Mass.,  639;  Lynn  Harbor,  Mass.,  641;  Winthrop  Harbor,  Mass., 
M;  Boston  Harbor,  Mass.,  645;  Weymouth  River,  Mass.,  655;  Hingham  Harbor, 
AlasB.,  656;  Scituate  Harbor,  Mass.,  658;  Plymouth  Harbor,  Mass.,  660;  Wellfleet 
Harbor,  Mass.,  663;  Provincetown  Harbor,  Mass.,  665.  Chatham  Harbor,  Mass.,  667. 

ExAMiiiATioxs  AND  SURVEYS. — North  Rivt^r,  Salem,  Mass.,  668;  shoals  at  the  mouth 
of  North  River,  Mass.,  670;  Mystic  and  Maiden  rivers,  Mass.,  672;  Essex  River, 
Mass.,  676;  Town  River,  Mass.,  679;  Weymouth  Back  River,  Mass.,  682;  Kingston 
narbor,  Mass.,  685. 

ILlrbor  IiiXF.3. — Establishment  of  harbor  lines  in  Boston  Harbor,  Mass.,  688. 

APPENDIX  C. 

REPORT  OP  MA  J.  W.  R.  LIVERMORE,  CORPS  OF  ENGINEERS. 

brpROVEMEXTS. — ^Harbor  of  refuge  at  Hyfennis,  Ma^s.,  694;  harbor  of  refuge  at 
Nantucket,  Mass.  696;  Marthas  Vineyara,  inner  harljor  at  Edgartown.  Mass.,  698; 
Vineyai'l  Haven  Harbor,  Mass.,  700;  Wareham  Ha'bor,  Mass.,  701;  New  Bedford 
Harbor,  Mass.,  701 ;  Westport  Harbor,  Mass.,  706;  Tnnnton  River,  Mass.,  707 ;  Paw- 
tucket  River,  R  L,  709;  Providence  River  and  f/arragansett  Bay,  R.  I.,  712; 
removal  of  Green  Jacket  Shoal,  Providence  River,  R.  I.,  715 ;  Greenwich  Bay,  R.  I., 
716;  co%'e  and  water  way  mmr  Coaster  Harbor  Island,  R.  I.,  718;  Newport  linrbor, 
R.  i.,71v»;  harboi  of  refuge  at  Point  Judith,  R.  I.,  722;  harbor  of  refuge  at  Block 
Island,  R.  L,  723;  Pawcatuck  River,  R.  1.  and  Conn.,  726;  harbor  of  refuge  at 
Stonington.  Conn.,  728;  removing  sunken  vessels  oi  craft  obstructing  or  endanger- 
ing navigation,  7«ll. 

EXAJCINATIOHS. — ^Nurragausett  Bay  Channel,  R.  I.,  between  Starve  Goat  Island  and 
the  mainland,  733  j  Watch  Hill  Cove,  R.  I.,  735;  Newport  Harbor,  R.  I.,  south  of 
Goat  Island,  736. 
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APPENDEX:  D. 

REPORT  OF  COL.  D.  C.  HOUSTON,  CORPS  OF  ENGINEERS. 

Improvements.— Mystic  River,  Conn.,  740:  Thames  River,  Conn.,  742;  New  London 
Harbor.  Coim.,  746;  Connecticut  River,  if  ass.  and  Conn.,  748;  harbor  of  refngo  at 
Duck  Island  Harbor,  Conn.,  757;  Clinton  Harbor.  Conn.,  759;  Now  Haven  Harbor, 
Conn.,  761;  breakwater  at  New  Haven,  Conn.,  766;  Milford  Harbon^  Conn.,  770; 
Honsatontc  River,  Conn.,  773;  Bridgeport  Harbor,  Conn.,  778;  Black  Rock  Harbor, 
Conn..  784:  Nor  walk  Hjvrbor,  Conn.,  786:  harbor  at  Wilson  Point,  Conn.,  789;  Five 
Mile  River  Harbor,  Conn..  792;  Stamford  Harbor,  Qonn.,  795;  Port  Chester  Harbor, 
N.Y..  797;  Larchmont  Harbor,  N.  Y.,  800 ;  Euho  Harbor,  New  Rochelle,  N.  Y.,  802 ; 
NewRochelle  Harl>or,  N.Y.,804;  East  Chester  Creek,  N.Y.,  806;  Greenport  Har- 
bor, N.Y.,  811;  Port  Jefferson  Harbor,  N.  Y.,  814;  Huntington  Harbor.  N.  Y.,  817; 
Glen  Cove  Harbor,  N.  Y.,  820 ;  Flushing  Bay,  N.Y.,  822;  Patchogue  River,  N.Y., 
825 ;  Browns  Creek,  Say  ville,  N.  Y.,  828. 

Examinations  and  Surveys. — Stony  Creek  River  at  Stony  Creek,  Conn.,  831 ;  Shaw 
Cove,  New  Lon<ton  Harbor,  Conn.,  833;  Connecticut  River,  below  HartJford,  Conij., 
836;  Saugatuck  River,  Conn.,  840;  Mattituck  Bay,  N.Y.,  843;   Stamford  Harbor, 
Conn.,  848;  Cos  Cob  or  Miamus  River,  Conn.,  852 ;  Peconic  River,  N.  Y.,  855 ;  Sag 
Harbor,  N.  Y.,  859.  - 

APPENDIX  E. 

REPORT  OF  LIEUT.  COL.  G.  L.  GILLESPIE,  CORPS  OF  ENGINEERS. 

Improvkments.-— Hudson  River,  N.  Y.,  864 ;  harbor  at  Saugerties,N.  Y.,879;  harbor 
at  Rondout,N.Y.,882;  Wappinger  Creek,  N.  Y.,  885 ;  Harlem  River,  N.Y.,  886;  re- 
moving obstructions  in  East  River  and  Hell  Gate,  N,  Y.,  899 ;  Newtown  Creek,  N.  Y., 
906;  Buttermilk  Channel,  New  York  Harbor,  911;  Gowauus  Bay,  N.  Y.,  914;  New 
York  Harbor,  N.  Y.,  922 ;  Raritan  Baj',  N.  J.,  931;  removing  sunken  vessels  or  craft 
obstructing  or  endangering  ua\igation,  937. 

Examinations  .vnd  Surveys.— Buttermilk  and  Gowanus  Bay  Channels,  New  York 
Harbor,  937;  Bay  Ridge  Channel,  N.  Y.,  940;  Champlin  Creek,  N.  Y.,  942;  Hud- 
son River  and  Moodna  River  (Murderers  Creek)  at  Cornwall,  N.  Y.,  944;  Bronx 
River,  N.  Y.,  949;  Westchester  Creek,  N.  Y.,  954. 

Harbor  Lines. — Establishment  of  harbor  lines  in  New  York  Harbor  and  its  adja- 
cent waters,  958. 

PART  II. 
APPEI^DIX  F. 

REPORT  OF  CAPT.  THOS.  L.  CA^EY,  CORPS  OF  ENGINEERS. 

Improvements.— Sumpawanus  Inlet,  N.  Y.,  978;  Canarsle  Bay,  N.  Y.,  980;  Sheeps- 
head  Bay,  N.  Y.,  982;  Arthur  Kill,  N.  Y.  and  N.  J.,  983;  channel  between  Staten 
Island  and  New  Jersey,  986;  Passaic  River,  N.  J.,  988;  Elizabeth  River,  N.  J.,  993; 
Rahway  River,  N.  J.,  995;  Raritan  River,  N.  J.,  996;  South  River,  N.  J.,  999;  Key- 
port  Harbor,  N.  J.,  1001;  Mattawan  Creek,  N.  J.,  1003;  Shoal  Harbor  and  Compton 
Creek,  ff.  J.,  1004';  Shrewsbury  River,  N.  J.,  1007;  Manasquan  (Squan)  River,  N.  J., 
1010 ;  removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation,  1013. 

Examinations  and  Survey.— Princess  Bay,  Staten  Island,  N.Y.,  1013;  Hackensack 
River,  N.  J.,  1016. 

APPENDIX  G. 

REPORT  OP  MAJ.  C.  W.  RAYMOND,  CORPS  OF  ENGINEERS. 

Improvements. — Delaware  River,  Pa.  and  N.  J.,  1022;  harbor  between  Philadelphia 
Pa.,  and  Camden^  N.  J.,  1029;  Schuylkill  River,  Pa.,  1069;  ice-harbor  at  Marcus 
Hook,  Pa.,  1072:  ice-harbor  at  hjead  of  Delaware  Bay,  Del.,  1072;  construction  of 
iron  pier  in  Delaware  Bay,  near  Lewes,  Del.,  1073;  harbor  at  Delaware  Break- 
water, Del.,  1075;  Raucoeas  River,  N.  J.,  1084;  Alloway  Creek,  N.  J.,  1086;  Maurice 
River,  N.  J.,  1088 ;  removal  of  vnrecks  from  Delaware  Bay  and  River,  1090;  removing 
sunken  vessels  or  craft  obstructing  or  endangering  navigation,  1090. 
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bAmxATTOHS  AND  SuKTsi'S. — Shark  River,  N.  J.,  1092;  Roand  between  Bameffat 
Baj  and  Great;  Egg  Harbor  Bay,  N.  J.,  1093;  Little  Egg  Harbor  Bay  and  Inlet,  in- 
eludiiig  Great  Bay,  N.  J.,  1095;  thoroughfare  from  Cape  May  to  the  Great  Bay 
north  of  Atlantic  City,  N.  J^  1097;  Cape  May  City,  N.  J.,  1099;  Pensanken  Creek, 
K.  J.,  HOD;  West  Branch  of  Siisqnehanna  River,  Pa.,  1102 ;  Toms  River,  N.  J.,  1114  j 
Gnahen  Creek,  N.  J.,  1116;  harbor  of  refuse  near  month  of  Delaware  Bay.  1120. 

Earbok  Lnnes. — ^Establishment  of  harbor  lines  in  port  of  Philadelphia,  1121. 

APPENDIX  H.     . 

KKFOST  OF  WM.    F.  SMITH,  UNITED   STATES  AGENT,   MAJOR  OF  ENGI- 
NEERS, U.  8.  ARMY,  RETIRED. 

« 

IiTBOYVMKXTS. — ^Wilmington  Harbor,  Del.,  1136;  ice-harbor  at  New  Castle,  DeL, 
U60;  Appoqninnimink  River,  Del.,  1161;  Smyrna  River,  Del.,  1162;  St.  Jonea 
Eiver,  Del.,  1165;  Mispil lion  Creek,  Del.,  1166;  Broadkiln  River,  Del.,  1167;  in- 
Itnd  water  way  from  Chincoteagne  Bay,  Va.,  to  Delaware  Bay,  at  or  near  Lewes, 
Dal.,  1168;  Snsquehanna  River,  above  and  below  Havre  de  Grace,  Md.,  1181 :  North 
East  River,  Md.,  1182;  Elk  River,  Md.,  1184;  Fairlee  Creek,  Md.,  1186;  Chester 
River,  Md.,  from  Crumpton  to  Jones  Landing,  1188:  Choptank  River,  Md.,  1189; 
Cambridge  Harbor,  Md.,  1191;  Wicomico  River,  Md.,  1193;  Manokin  River,  Md., 
1195;  Onkneock  Harbor,  Va.,  1197;  harbor  at  Cape  Charles  City,  Va.,  and  ap- 
proachM  by  Chen  ton  (Cherrystone)  Inlet,  1199;  removing  sunken  vessels  or  craft 
obftructing  or  endangering  navigation,  1201. 

ExAXiKATioNS  AKi>  SuKVEYS. — Linchester  River,  Md^  1202;  Northwest  Fork  of 
N»ntienke  River,  Md.,  1204;  Tangier  Harbor,  Va.,  1207;  Broad  Creek  River,  Del., 
1309;  Tnmer  Creek,  Md.,  1211;  La  Trappe  River,  Md.,  1215;  Warwick  River,  Md., 
1218;  Broad  Creek,  Md.,  1221. 

Haibos  Lines. — ^Establishment  of  harbor  lines  at  New  Castle,  Del.,  1225. 

APPENDIX  L 
REPORT  OF  COL.  WM.  P.  CBAIOHILL,  COBPS  OF  ENOIKEEBS. 

IxROVEMEKTS. — Patapsco  Rivor  and  channel  to  Baltimore,  Md.,  1227;  James  River, 

Vi^l234. 
£xiia5ATiON. — ^Patapsco  River,. Md.,  from* the  CraighiU  Channel  to  the  sngar  refin- 

07  wharves,  Curtis  Bay,  1243. 

APPEITDIX  J, 

BEPORT  OF  LIEUT.  COL.  PETER  C.  HAINS.  CORPS  OF  ENGINEERS. 

Ihprovkmrnts. — Potomac  River  at  Washington,  D.  C,  1246:  Potomac  River  at  Mt. 
Venioa,  Va.,  1252;  Occoquan  Creek,  Va.,  1253;  Aqnia  Creek.  Va.,  1255;  harbor  at 
Breton  Bay,  Md.,  1258;  Nomini  Creek,  Va.,  1259;  Fatuxent  River,  Md.,  1262;  Rap- 
pahannock River,  Va.,  1264;  Urbana  Creek,  Va.,  1268;  York  River,  Va.,  1270;  Mat- 
taponi  River,  Va.,  1273;  Pamunkey  River,  Va.,  1275. 

ExAMiXATioxs. — St.  Leonard  Creek,  Md.,  1277;  St.  Jerome  Bay,  Md.,  1278;  Pis- 
<*atawav  Creek,  Md.,  1279;  Newport  Creek,  head  of  Wicomico  River,  Md.,  1281; 
Smith  Creek,  Md.,  1282;  Nandna  Creek,  Va.,  1283;  Potomac  Creek,  Va.,  1285; 
I'pper  Machodoo  Creek,  Va.,  1286;  Great  Wicomico  River,  Va.,  1288;  Crane  Creek, 
Va.,  1289;  Piscataway  Creek,  Va.,  1289. 

APPEITDIX  K. 

REPORT  OF  CAPT.  G.  J.  FIEBEGER,  CORPS  OF  ENGINEERS. 

Improvements. — ^Harbor  of  Norfolk  and  its  approaches,  Va.,  1291;  approach  to  Nor- 
folk Harbor  and  the  United  States  navy-yard  at  Norfolk,  Va.,  1296:  Hampton 
Creek  and  Bar,  Va.,  1297;  Nansemond  River,  Va.,  1298;  Chickahominy  River,  Va., 
1299;  Appomattox  River,  Va.,  1300;  inland  water  route  from  Norfolk  Harbor,  Va., 
to  Albemarlo  Sound,  N.  C.,  through  Currituck  Sound,  1302;  North  Landing  River, 
Va.  and  N.  C,  1304;  Cnrrituok  Sound,  Coaniok  Bay,  and  North  River  Bar,  N.  C, 
1305.  *       -~v  ^> 
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Examinations. — Ghickahominy  River,  from  Holly  Larfding  to  Long  Bridge,  V»., 
1305;  western  l)ra.nch  of  Elizabetli  River,  Va.,  1307;  water  way  to  connect  Lynn 
Haven  Bay  witli  eastern  brancli  of  Elizabeth  River,  Va.,  1310;  Nottoway  River, 
from  mouth  of  river  to  Courtland,  Va.,  1315;  NorthrWest  River,  N.  C,  up  to  Moy- 
ock,  1321;  West  Neck  River,  to  and  beyond  Dozier  Bridge,  Va.,  1324. 

APPEimiX  L. 

REPORT  OF  CAPT.  W.  H.  BIXSY,  CORPS  OF  ENGINEERS. 

Improvements. — Staunton  River,  Va.,  1328;  Roanoke  River,  Va.  and  N.  C,  1330; 
Pasquotank  River,  N.  C,  1335;  Mackey  Creek,  N.  C,  1339:  Ocracoke  Inlet,  N.  C, 
1341;  Fishing  Creek,  N.  C,  1345;  Pamlico  and  Tar  rivers,  N.  C,  1347;  Contentnia 
Creek,  N.  C,  1351;  Trent  River,  N.  C,  1355;  Neuse  River,  N.  C,  1358;  inland, 
water  way  between  New  Berne  and  Beaufort,  N.  C,  1363;  harbor  at  Beaufort,  N. 
C,  1367;  inland  wat<>r  way  between  Beaufort  Harbor  and  New  River,  N.  C,  1372; 
water  way  between  New  River  and  Swansboro,  N.  C,  1376;  New  River,  N.  C,  1379 ; 
North  East  (Cape  Fear}  River,  N.  C.  1383;  Black  River,  N.  C,  1387;  Cape  Fear 
River,  N.  C,  above  Wilmington,  1390;  Cape  Fear  River,  N.  C,  at  and  below  Wil- 
mington, 1394;  Lookwoods  Folly  River,  N.  C,  1402;  Yadkin  River,  N.  C,  1404; 
harbor  at  Georgetown,  8.  C,  1408;  Winyaw  Bay,  8.  C,  1411;  removing  sunken 


vessels  or  craft,  obstractiug  or  endangering  navigation,  1417. 
Examinations.— Water  way  from  Pungo  River  to  Sladesvillo,  N.  C,  1418; 


water 


mouth,-  S.  C,  1435. 

APPEI^DIX  M. 

REPORT  OF  CAPT.  FREDERIC  V.  ABBOT,  CORPS  OF  ENGINEERS. 

Impkovxments. — ^Waccamaw  River,  N.  C.  and  S,  C,  1442;  Lumber  River,  N.C.  and 
S.  C.  1445:  Little  Pedee  River,  S.  C,  1448;  Great  Pedee  River,  S.  C,  1450;  Clark 
River,  S.  C.,  1453;  Mingo  Creek,  S.  C,  1455;  Santee  River.  S.  C,  1458;  Watoree 
River,  S.  C,  1462;  Congareo  River,  S.  C,  1464;  harbor  at  Charleston.  S.  C,  1467; 
Ashley  River,  S.  C.,  1476;  Wappoo  Cut,  S.  C,  1477;  Edisto  River,  S.  C.,  1480;  Sal* 
kahatchie  River,  S.  C,  1482;  Beaufort  River,  S."  C.,  1485;  removing  sunken  ves- 
sels or  craft  obstructing  or  endansrering  navigation,  1487. 

Examination.— Wateree  River,  S.  C,  1487. 

PART  III. 
APPENDIX  N. 

REPORT  OF  CAPTAIN  O.  M.  CARTER,  CORPS  OP  ENGINEERS. 

iMPROVEMKNTS.-^Savannah  River  and  Harbor,  Ga.,  1491;  Savannah  River,  Ga.,  1519; 
Darien  Harbor,  Ga.,  1528;  Altamaha  River,  Ga.,  1531;  Oconee  River,  Ga.,  1536; 
Ocmulgee  River,  Ga.,  1543;  Brunswick  Harbor,  Ga.,  1550;  Jekyl  Creek,  Ga.,  1556; 
Cumberland  Sound,  Ga.,  and  Fla.,  1559 ;  removing  sunken  vessels  or  craft  obstruct- 
ing or  endangering  navigation,  1602. 

Examination. — Yellow  River,  Ga.,  1606. 

APPENDIX  O. 

REPORT  OF  CAPT.  W.  M.  BLACK,  CORPS  OF  ENGINEERS. 

Improvements. — St.  Johns  River.  Fla.,  1612;  Ocklawaha  River,  Fla.,  1620;  Vohisia 
Bar,  Fla.,  1627;  St.  Augustine  Harbor,  Fla.,  1630;  northwest  entrance.  Key  West 
Harbor,  Fla.,  1640;  Caloosahatchee  River,  Fla.,  1643;  channel  of  Charlotte  Harbor 
and  Pease  Creek,  Fla.,  1646;  Sarasota  Bay,  Fla.,  1651;  Manatee  River,  Fla.,  1653; 
Tampa  Bav^  Fla.,  1655;  Withlacoochee  River.  Fla.,  1659;  harbor  at  Cedar  Keys, 
Fla.,  1661 ;'  Suwanee  River.  Fla.,  1663. 


CONTENTS.  XV 

ExAXESATioys. — Sc.  Johns  Kiver,  Fla.yfrom  JaoluoaviUe  to  Sanford,  and  the  upper 
part  of  St.  Johns  Kiver,  from  Lahe  Monroe  sonthward.  1666 ;  deep-sea  chiuinel  at 
St.  Asj^tiue,  Fla.,  1671 ;  Indian  River,  Fla.,  between  Titasville  autl  Jupiter  Inlet, 
1673;  channel  uortli  and  west  of  Cedar  Keys,  Fla.,  1676;  Pease  Kiver,  Fla.,  1678: 
Charlotte  Harbor,  Fla.,  1681. 

HiBBuR  LiXES. — ^EstabJisbment  of  harbor  lines  in  8t.  Augustine  Harbor,  Fla.,  1685. 

APPENDIX  P. 
KCTORT  OF  CAPT.  PHILIP  M.  PRICE,  CORPS  OF  ENGINEERS. 

I]lrBO>'KXK^~TS. — Apalachicola  Bay,  Fla^  16&4;  Apalachicola  River,  Fltk.,  inclnding 
Lee  Sloii§:h,  1696;  Flint  Ri^er,  6a.,  1698;  Chattahoochee  River.  Ga.  and  Ala.,  1702; 
LaGranji^e  Bayou  and  Holmes  River,  Fla.,  1704;  Choctawhatcbee  River,  Fla.  and 
Ala.,  1707;  harbor  at  Pensacola,  Fla.,  1710;  Escambia  and  Conecuh  rivers,  Fla. 
•od  Ala.,  1735;  Alabama  River,  Ala.,  1738;  Tallapoosa  River,  Ala.,  1741;  Coosa 
iCirer,  Ga.  and  Ala.,  1743;  operating  and  care  of  canals  and  other  works  of  navi- 
^tion  oo  Coosa  River,  Ga.  and  Ala.,  1753;  Cahaba  River,  Ala.,  1754. 

ExAMLSkATioxs. — Chattahoochee  River,  Ga.  and  Ala.,  between  West  Point  and 
FraokiiD,  1756;  Alabama  River,  Ala.,  1761. 

■ 

APPEOT)IX  Q. 

REPORT  OF  MAJ.  A.  N.  DAMRELL,  CORPS  OF  ENGINEERS. 

IxpBOVKincNTS. — ^Mobile  Harbor,  Ala.,  1771;  Warrior  and  Tombigbee  rivers,  Ala. 
and  l£is8.,  1776;  Black  W^arrior  River,  Ala.,  from  Tuscaloosa  to  Daniels  Creek, 
IIU;  Xoxnbee River,  Miss.,  1787;  Pascagoula River,  Miss.,  1788 ;  Cbickasahay  River, 
Mij8..  17V)1;  Bluff  Creek,  Miss.,  1792;  Leaf  River,  Miss.,  1792;  harbor  at  Biloxi 
Kar.  Miss.,  1793;  Pearl  River,  Miss.,  below  Jackson,  1795;  Pearl  River,  Miss.,  be- 
tireeu  Jackson  and  Carthace,  1797;  Pearl  River,  Miss.,  between  Ediuburg  and 
Cuthage,  1799 ;  Bogue  Chitto,  La.,  1800. 

Examination. — Sucamochee  River,  Ala.,  1800. 

APPENDIX  E.' 

REPOKT  OF  mAj.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 
I.VSPECTIOK  of  the  improvement  of  the  South  Pass  of  the  Mississippi  River,  1805. 

APPEI^DIX  S. 

REPOKT  OF  MAJ.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 

iMPXOvsMEarrs. — Chefuncte  River  and  Bogue  Falia,  La.,  1818;  Tiokfaw  lilver  and 
its  tributaries,  La.,  1819;  Amite  River  and  Bayou  Manchac,  La.,  1820;  Bayou  La 
Fourchc,  La.,  1821;  Bayou  Terrebonne,  La..  1823;  Bayou  Plaquem in e.  La.,  1824; 
Bavon  Conrtablean,  La.,  182B:  Bayou  Teche,  La^  1828;  mouth  aua  ]»us8es  o{ 
Calcasieu  River,  La.,  1829;  harbor  at  Sabine  Pass,  Tex.,  1831;  Sabine  River,  Tex., 
1835;  Neches  River,  Tex.,  1836;  removing  sunken  ve8Hol9  or  craft  obstrnctiug  or 
endangering  navigation,  1837. 

ExAHiXATioxs  Ain>  SuKVEY. — Bftyou  Carlin,  La.,  1838;  shoals  on  Lake  Pontchar- 
train,  La.^near  the  Rigolets,  1839;  Baj^ou  Chevreuiland  Bayou  Ti^,  La.,  18^11; 
Bayou  Terre  Bonne,  La.,  from  Houma  to  Thibodeaux,  1843;  Bayou  Black  to  con- 
nect with  Terre  Bonne,  La.,  1846;  Berwick  Bay,  La.,  1847;  Bayou  Cocodrie,  La., 
1849;  Bayou  Black,  La.,  for  connection  between  Calcasieu  Lake  and  Sabine  Lake, 
1850;  Bayou  Teche,  La.,  from  Saint  Martinsville  to  Port  Barre,  1852:  Bayou  Des 
Glaises,  La.,  1854;  Bayou  Vermillion,  La.,  1855;  Mermen  ton  River  ana  tributaries. 
La.,  iSs. 

APPENDIX  T. 

REPOKT  OF  LIEUT.  JOHN  MILLI8,  CORPS  OF  ENGINEERS. 

Improvt5Me:5TB. — Securing  mouth  of  Bayou  Plaquemine,  La.,  from  fnrther  caving, 
1867;  removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation  of 
New  Orleans  UBxbm,  La.,  1869. 
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APPENDIX  U. 

REPORT  OF  MAJ.  CHA8.  J.  ALLEN,  CORPS  OF  ENGINEERS. 

Improvements. — ^Entrance  to  Galveston  Harbor,  Tex.,  1871 ;  ship  channel  in  Gal- 
veston Bay,  Tex.,  1906;  Trinity  River,  Tex.,  1918;  Cedar  Bayua,  Tex.,  1922;  Buf- 
falo Bayon,  Tex.,  1924;  harbor  at  Brassos  Santiago,  Tex.,  1930. 

EXAMINATIONS.—Mouth  of  Double  BayoH,  Chambers  County,  Tex.,  1933;  Trinity 
River,  Tex.,  from  its  mouth  to  Dallas,  1936;  Colorado  River,  Tex.,  19S9;  Aransas 
Bay,  Tex.,  to  remove  Half-Moon  Reef;  and  St.  Charles  Bay,  Tex.>  1942. 

PAET  IV. 
APPENDIX  V. 

REPORT  OF  CAFF.  J.  H.  WILLARD,  CORPS  OF  ENGINEERS. 

Impbovemknts.— Red  River,  La.  and  Ark.,  1946;  Red  River  above  Fulton,  Ark. , 
1961;  Onachita  and  Black  riveiTB,  Ark.  and  La..  1964;  Ouachita  River  above  Cam- 
den, Ark.,  197.5;  Bayon  D'Arbonne,  La.,  1980:  Bayou  Bartholomew,  La.  and  Ark., 
1982;  Bayou  Boeuf  (BcBuf  River),  La.,  1985;  Tensas  River  and  Bayou  Ma^on,  La., 
1989;  Bayous  Rondeway  and  Vidal,  La.,  1992;  Biff  Black  River,  Mi^.,  1993;  Yazoo 
River,  Miss.,  1996;  Tchula  Lake.  Miss.,  2001;  Talluhatchee  River,  Miss.,  2003; 
Steele  Bayou  and  Washington  Bayou,  Miss.,  2005;  Big  Sunflower  River,  Miss., 
2007;  Big  Hatchee  River,  Tenn.,  2010;.Forked  Deer  River,  Tenn.,  2012;   water 

gauges  on  Mississippi  River  and  its  principal  tributaries,  2014;  survey  of  Cypress 
ayon  and  the  lakes  between  Jeiferson,  Tex.,  aud  Shreveport,  La.,  2(^1. 
ExAMiNATioxs. — Cane  River,  La.,  2022;  Bayon  Castor,  La.,  2028. 

APPENDIX  W. 

REPORT  OF  CAPT.  H.  S.  TABER,  CORPS  OF  ENGINEERS. 

lMPR0VE.\fKNT8. — Removing  obstructions  in  Arkansas  River,  Ark.,  Ind.  Ter^  and 
Kans.,  2033;  Arkansas  Rwer,  Ark.,  Ind.  Ter.,  and  Kans.,  2037;  Fonrche  Le  Fevre 
River,  Ark.,  2044;  Petit  Jean  River,  Ark.,  2046;  White  River,  Ark.,  2048;  Cache 
River,  Ark.,  2051;  Little  Red  River,  Ark.,  2053;  Black  River,  Ark.  and  Mo.,  2055; 
Black  River,  Mb.,  2058;  St.  Francis  River,  Ark.,  2059;  St.  Francis  River,  Mo., 
2062;  Little  River,  Mo.  and  Ark.,  2064. 

ExiLMiNATioNS. — Current  River,  from  Van  Buren,  Mo.,  to  its  mouth,  2065. 

AP'tENDIX  X 

REPORT  OF  CAPT.  S.  W.  ROESSLER,  CORPS  OF  ENGINEERS. 

Examination. — ^Mississippi  River  from  high-water  mark,  Lake  County,  Tonn.,  to 
liigh- water  mark,  Fulton  County,  Ky .,  north  and  west  of  Reelfoot  Lake,  2073. 

APPENDIX  Y. 

REPORT  OF  MAJ.  A.  M.  MILLER,  CORPS  OF  ENGINEERS. 

IMPR0VTCMBNT8. — Removing  snags  and  wrecks  from  Mississippi  River.  2079;  Missis- 
sippi River,  between  the  Ohio  and  Illinois  rivers,  2087;  hjurbor  at  Saint  Louis,  Mo., 
2109;  Gasconade  River,  Mo.,  2112;  Osage  River,  Mo.,  2114;  Kaskaskia  River,  111., 
2118. 

APPENDIX  Z. 

REPORT  OF  MAJ.  E.  H.  RUFFNER,  CORPS  OF  ENGINEERS. 

Lmpko  VEMENT. — Mississippi  River,  between  Dos  Moines  Rapids  and  mouth  of  lUinuia 

River,  2119. 
Examination. — Mississippi  River  at  Warsaw,  111.,  2134. 
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APPENDIX  A  A. 
KEPOKT  OF  MAJ.  A.  MACKENZIE,  CORPS  OF  ENGINEERS. 

IMFBOTKMCKT& — Operating  enag  boats  and  dredge  boats  on  Upper  Mississippi  River, 
3137;  Mississippi  River^  between  Minneapolis  and  Des  Moines  Rapids,  2147;  Des 
Moines  Rapids,  Mississippi  River,  2172;  operating  and  care  of  Des  Moines  Rapids 
Canal  and  dry  dock,  2174. 

Examihatioks'akd  Survet. — Slongh  at  Hamilt(On,  111.,  2185;  Mississippi  River  at 
ud  above  Clinton,  Iowa,  2187. 

APPBOT)IX  B  B. 

REPORT  OF  MAJ.  W.  A.  JONES,  CORPS  OF  ENGINEERS. 

XHntOTXMKzrrB. — ^Mississippi  River  above  Falls  of  St.  Anthony,  Minn.,  2192;  reser- 
voirs at  headwaters  of  Mississippi  River,  2196;  Chippewa  River,  including  Yellow 
BankSy  Wis.,  2201;  St.  Croix  River,  Wis.  and  Minn.,  2203;  Minnesota  River,  Minn., 
2207;  Red  River  of  the  North.  Minn,  and  N.  Dak.,  2210;  surveys  for  reservoirs  at 
the  aonrees  of  Mississippi,  St.  Croix,  Chippewa,  and  Wisconsin  rivers  2214;  gaug- 
ing Mississippi  River  at  or  near  St.  Paul,  Minn.,  2214. 

EzAJaiTATiOKS.' — Harbor  at  Hudson,  Wis.,  2218 ;  Red  River  of  the  North  at  Goose 
Rapids,  N.  Dak.  and  Minn.,  2220;  Creel  Bay,  Totten  Bay,  and  Minnewauken 
Shoals,  in  DevU  Lake,  N.  Dak.,  2223. 

APPENDIX  0  0. 
REPORT  OF  LIEUT.  COL.  CHAS.  R.  SUTER,  CORPS  OF  ENGINEERS. 

ExixzKATiON. — ^Missouri  River,  from  the  old  mouth  of  Platte  River,  Little  Point, 
to  i  point  opposite  Leavenworth ;  and  at  Weston,  Mo.,  2229. 

APPENDIX  D  D. 

REPORT  OF  CAPT.  CHAS.  F.  POWELL,  CORPS  OF  ENGINEERS. 

IxTKOTEMKNTS. — ^Missouri  River  between  the  Great  Falls,  Mont.,  and  Sioux  City, 

Iowa,  2232;  Yellowstone  River,  Mont,  and  N.  Dak.,  2236. 
ExAMiXATiOKS  AND  SuRVfiY. — Touguo  River,  Mout.,  2237;  Yellowstone  River,  Mont., 

2239;  Missonri  River  between  Sioux  City,  Iowa,  and  Fort  Benton,  Mont.,  2242. 

APPENDIX  E  E. 
REPORT  OF  LIEUT.  COL.  J.  W.  BARLOW,  CORPS  OF  ENGINEERS. 


Hxamikahons  and  Survey. — Little  Pigeon  River,  Tenn.,  from  month  to  Sevier- 
ville,  2387;  harbor  of  Smithland,  Ky.,  2289;  Obion  River,  Tenn.,  2292. 

APPENDIX  F  F. 

REPORT  OF  LIEUT.  GEO.  W.  GOETHALS,  CORPS  OF  ENGINEERS. 
• 
larpROVEMKXTS. — Tennessee  River  between  Chattanooga,  Tenn.,  and  foot  of  Bee 
Tree  Shoals,  Ala.,  2303;  operating  and  care  of  Muscle  Shoals  Canal,  Tennessee 
River,  2322. 
EzAMiKATiON. — ^Mouth  of  Guntet  Creek  at  Guntersville,  Ala.,  2325. 
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APPENDIX  a  &. 

REPORT  OF  LIEUT.  COL.  WM.  E.  MERRILL,  CORPS  OF  ENGINEERS. 

I^ifpROVSMENTS. — Ohio  River,  2328;  operating  inag  boats  on  Ohio  River,  2349;  oper< 
ating  and  care  of  Davia  Island  Dam,  Ohio  River,  2350;  movable  dam  in  OliJo  River 
near  moatli  of  Beaver  River,  Pa.,  2354;  Monongahela  River,  W.  Va.  and  P»., 
2355;  operating  and  care  of  locks  and  dams  Nos.  8  and  9,  Monongahela  River, 
2357;  purchase  of  Lock  and  Pam  No.  7,  Monongahela  River,  2359;  purchase  of 
Lock  and  Dam  No.  6,  Monongahela  River,  2360;  Cheat  River,  W.  Va.,  2361;  Alle- 
gheny River,  Pa.,  2363;  dam  at  Herr  Island,  Allegheny  River,  2366:  ice-harbor  at 
mouth  of  Muskingum  River,  Ohio,  2367;  Muskingum  Kiver,  Ohio,  2369;  operating 
and  care  of  locks  and  dams  on  Muskingum  River.  Ohio,  2369. 

Examinations. — Harbor  of  Oweusboro,  Ky.,  on  the  Ohio  River,  2380 ;  Tiouesta  Crook, 
Pa.,  2381:  Ohio  River,  bet'ween  mouth  of  Green  River,  Ky.,  and  Evansvillc,  lud., 
2382. 

APPENDIX  H  H. 

REPORT  OF  MAJ.  G.  J.  LYDECKER,  CORPS  OF  ENGINEERS. 

Improvkmkn-is. — Falls  of  the  Ohio  River,  at  Louisville,  Ky.,  2387 :  Indiana  Chute, 
Falls  of  the  Ohio  River,  2393;  operating  and  care  of  Louisville  and  Portland 
Canal,  Ky.,  2394;  Wabash  River,  Ind.  and  111.,  2402;  White  River,  Ind.,  2409. 

Examination. — Wabash  River,  Ind.,  from  Terre  Haute  to  La  Fayette,  2411. 

Al^PENDlX  IL 
REPORT  OF  COL.  WM.  P.  CRAI6HILL,  CORPS  OF  ENGINEERS. 

IMPKOVKMKNTS.— Groat  Kanawha  River,  W,  Va.,  2413;  operating  and  care  of  locks 
and  dams  on  Great  Kanawha  River,  W.  Va.,  2425;  Elk  River,  W.  Va.,  2427;  Gauley 
River,  W.  Va.,  2428;  New  River,  Va.  and  W.  Va.,  2130. 

Examination.— Elk  River, W.  Va.,  2433. 

APPENDIX  J  J. 

REPORT  OF  MAJ.  D.  W.  LOCKWOOD,  CORPS  OF  ENGINEERS. 

Improvemknts. — Trade  water  River,  Ky.,  2488;  operating  and  keej>ing  in  repair 
locks  and  dams  on  Green  and  Barren  rivers,  Ky.,  2439;  Rough  River,  Ky.,'  2446; 


Kentucky  River,  Ky.,  2449;  operating  and  keeping  in  repair  locks  and  dams  on 
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Ky.,  :s40D ;  ing  r  orK  oi  uig  oanay  rwiver,  vy .  y a.  ana  js.j.,  ic^o* ;  ixuyanaoxw  xtiver, 
W.tVa.,  2469;  Little  Kanawha  River,  W.  Va.,  2471;  Buckhannon  River,  W.  Va., 
2474, 
Examinations. — Big  Barren  River,  Ky.,  above  Bowling  Green,  2474;  Russel  Fork  of 
tlie  Big  Sandy  River,  Ky.,  2476;  Green  River,  Ky.,  ahove  moutii  of  Big  Barren 
River,  2478. 

APPENDIX  K  K. 

REPORT  OF  CAPT.  W.  L.  FISK,  CORPS  OF  ENGINEERS. 

iMrROVEMENTS. — Harbor  at  Grand  Marais,  Minn.,  2484;  harbor  at  Agate  Bay,  Minn., 
2486;  harbor  at  Dnluth,  Minn.,  2488;  harbor  at  Superior  Bay  and  St.  Louis  Bay, 
Wis.,  24U5;  Minnesota  Point  at  Superior,  Wis.,  2499;  harbor  at  Ashland,  Wis., 
2500;  harbor  at  Ontonagon,  Mich.,  2502;  Eagle  Harbor,  Mich.,  2505;  harbor  at 
Marquette,  MicJj.,  2505;  liarbor  of  refuge  at  Grand  Marais,  Mich.,  2509.        • 

Examination.— Allouez  Bay  and  Nemadji  River,  Wis.,  2512. 

Harbor  Lines. — Establishment  of  harbor  lines  at  Duluth,  Minn.,  bay  of  St.  Louis, 
Superior  Buy,  «iud  tlio  a<ljaccnt  waters,  Minn,  and  Wis.,  2515;  establishment  of 
harbor  lines  in  Portage  Lake,  Mich.,  2519;  resurvey  and  relocation  of  harbor  line 
in  Portage  Lake,  Mien.,  2522. 
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2692:  HoUand  [Black  Lake]  Harbor,  Mich..  2696;  Saugatuck  Harbor,  Mich.,  2699; 
Soiitii  Haven  Harbor,  Mich.,  2700 ;  St.  Josepn  Harbor,  IVlich.,  2702 ;  St.  Joseph  River, 
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Canal,  Mieh.,  3724 ;  dry  dock  at  St.  Marys  Falls  Canal,  Midh,,  2758 ;  Hay  Lake  Chan- 
nel, St.  Marys  River,  Mich.,  2758;  harbor  at  Cheboygan,  Mich.,  2764;  harbor  at 
Thander  Bay,  Mich.,  2765;  Thunder  Bay  River,  Mich.,  2768;  harbor  at  Au  Sable, 
llioh^2771;  Saginaw  River,  Mich.,  2772;  harbor  of  refuge  at  Sand  Beach,  Lake 
Huron,  Mich.,  2776;  Black  River  at  Port  Huron.  Mich.,  2780;  mouth  of  Black 
River,  Mich.,  2782;  St.  Clair  Flats  Canal,  Mich.,  2784;  operating  £Lnd  care  of  St. 
Clair  Flats  Canal,  Mich.,  2787 ;  Clinton  River,  Mich.,  2788 ;  Grosse  Pointe  Channel, 
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Mich.,  at  lower  end  of  Lake  Huron,  2^0;  Rouge  River,  Mich.,  2822. 
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Improvkmbntb.— Monroe  Harbor,  Mich.,  2825 ;  Toledo  Harbor,  Ohio,  2828 ;  Port  Clin- 
ton Harbor,  Ohio,  2835 ;  Sandusky  City  Harbor,  Ohio,  2837:  Sandusky  River,  Ohio, 
2840:  Huron  Harbor,  Ohio,  2843;  Vermillion  Harbor,  Ohio,  2847;  Black  River 
Harbor,  Ohio;  2849;  Cleyeland  Harbor,  Ohio,  2853;  Fairport  Harbor,  Ohio,  2859: 
ABhtabola  Harbor^  Ohio^  2863. 
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water at  Rouse  Point,  Lake  Champlain,  N.  Y.,  2927;  Great  Chazy  River,  N.  Y., 
2929;  breakwater  at  Gordon  Landing,  Lake  Champlain,  Yt.,  2930;  Plattsburg 
Harbor,  N.  Y.,  2931;  Burlington  Harbor,  Vt.,  2932;  Otter  Creek,  Vt.,  2935;  Ticon- 
deroga  River,  N.  Y.,  2936;  Narrows  of  Lake  Champlain,  N.  Y.  and  Vt.,  2937. 

Examinations. — ^Inner  Bay,  near  mouth  of  Saranac  River,  at  Plattsburg,  N.  Y., 
2938;  Boquet  River,  N.  Y.,  ftom  mouth  on  Lake  Champlain  to  Willsboro,  2940. 
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Improvements.— Oakland  Harbor,  Cal.,  2943 ;  survey  of  San  Francisco  Harbor,  San 
Pablo  and  Suisun  bays,  strait  of  Karquines,  and  mouths  of  San  Joaquin  and  Sao- 
ramento  rivers,  Cal..  2947. 

Harbor  Lines. — Modification  of  harbor  lines  on  Port  Costa  front,  south  shore  of 
Karquines  Strait,  San  Francisco  Harbor,  Cal.,  2948. 
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Improvements.-— Napa  River,  Cal.,  2952;  Redwood  Harbor,  Cal.,  2953;  Redwood 
Creek,  Qal^  2953;  San  Luis  Obispo  Harbor,  Cal.,  2955;  Wilmington  Harbor,  Cal., 
2956;  San  Diego  Harbor,  Cal.,  2960. 

Examinations.— San  Rafael  River,  Cal.,  2963 ;  Alviso  Harbor  and  Alviso  Creek,  Cal., 
2964;  Redwood  Creek,  Cal.,  2966;  harbor  of  refuge  at  Santa  Cruz,  Cal.,  2968;  San 
Simeon  Bay,  CaL,  2971;  Redondo  Beach  Harbor,  Cal.,  2972;  Colorado  River,  Ariz., 
above  Yuma,  to  Eldorado  Canyon,  2974. 
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Improvements. — San  Joaquin  River,  Cal.,  2981;  Mokelumne  River,  Cal.,  2986;  Sac- 
ramento and  Feather  rivers,  Cal.,  2987;  investigation  of  miuinff-d^bris  question  in 
State  of  California,  2996;  Petaluma  Creek,  Cal.,  3119;  Humboldt  Harbor  and  Bay, 
CaL,  3120. 

Examination  and  Survey.— Mokelumne  River,  Cal.,  3133. 

Harbor  unes.— EstabliBhment  of  harbor  lines  in  Humboldt  Bay,  Cal.,  3138. 
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bfTROTKBtKNTS. — CoquUle  River,  Orecon,  3146;  entrance  to  Coos  Bay.  C 
llmpqua  River,  Oregon,  3169;  moutb  of  Siuslaw  River,  Oregon,  3173; 


Oregon,  3154 ; 

_  _  »  entrance  to 

Xaqaina  Bay,  Oregon,  ^182;  Tillamook  Bay  and  Bar^  Oregon,  3200;   entrance  to 

liarboT  at  Nehalem  Bay,  Oregon,  32<^ ;  Upper  Columbia  and  Snake  rivers,  Oregon 

•ad  Wash.,  3210;  Colombia  River  between  head  of  Rock  Island  Rapids  and  loot 

oC  Priest  Rapids,  Wash.,  3223 ;  Chehalis  River,  Wash.,  3236 ;  Skagit,  Steilaquamiah, 

^ootaack,  Suobonush,  and  Snoqualmie  rivers.  Wash.,  3238. 

Examinations  and  Surveys.— Alsea  Bay  and  River,  Oregon,  3246:  Clark  Fork  of 

Colmnbia  River  from  international  boundary  line  to  month  of  Big  Blaekfoot  River, 

Mont.,  3250;  Pnyallap  River,  Wash.,  3255;  I^Wamish  and  Black  Rivers,  Wash., 

3257;    ship  channel    oetween  Port  Townsend  Bay,  Paget  Sound,  and  Oak  Bay, 

Wash.,  3260;   North  River,  Wash.,  3263;   Shoalwater  Bay  and  Wilhipah  River, 

Wash.,  3266;    Nooksack,  Skagit,  and  Snohomish  rivers.  Wash.,  3271;    Coqniile 

Siver,  Orefi;on,  firom  Coqniile  City  to  Myrtle  Point,  3275;  Coos  Bay,  Oregon,  3283; 

Upper  SnaKe  River,  Idaho,  32%;  Nasel  River,  Wash.,  3294;  Grays  Harbor  and  Bar 
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eades,  Coliunbia  River,  Oregon,  3328 ;  Colombia  and  Lower  W illamette  rivers  below 
Portland,  Oregon,  3362;  Willamette  River  above  Portland,  Oregon,  3368;  Cowlitz 
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Lsading,  Oregon,  3380:  Yamhill  River,  Oregon,  3381;  Lewis  and  Clarke  River, 
Oregon,  3383;  Grays  River,  Wash..  3385. 
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APPENDIX  T  T. 

REPORT  OF  CAPT.  W.  A.  KIRKLACn),  UNITED  STATES  I^AVY. 
SuPESVisiOK  of  the  harbor  of  New  York,  3393. 

PAET  VI. 
APPEiroiX  Z  Z. 

REPORT  OF  THE  MISSISSIPPI  RIVER  COMMISSION. 

• 

C.  B.  CoMSTOCK,  Colonel,  Corps  of  Engineers,  Bvt.  Brig.  Gen.,  U.  S.  A^  President; 
Charlks  R.  Sutku,  Lieutenant-Colonel,  Corps  of  Engineers,  U.  S.  A. ;  O.  H.  Ernst, 
M^or,  Corps  of  Engineers,  Colonel,  U.  S.  A. ;  Henry  L.  Whiting,  Assistant  U. 
8.  Coast  and  Geodetic  Survey;  B.  M.  Harrod,  Robert  S.  Taylor,  and  Henry 
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Annual  Report  for  Fiscal  Year  ending  June  30,  1891,  3397. 

Appendix  A. — Report  of  Lieut.  Col.  Charles  R.  Snter,  Corps  of  Engineers,  upon  in- 
vestigation of  discharge  measurements,  Mississippi  River,  3417. 

Appendix  B. — Paper  by  Lieut.  Col.  Charles  R.  Suter,  Corps  of  Engineers,  on  effects 
ofcreraMea  upon  gauge  readings  below  Red  River  during  high  water  of  1890,  3444. 
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asnval  report  of  the  mississippi  river  commission  for  thb 

fiscal  tear  ending  june  so,  1891. 

The  Mississippi  Biyeb  Commission^ 

Pbesident's  Office, 
New  York^  July  17,  1891. 

Sib  :  The  Mississippi  River  Commission  lias  the  honor  to  submit  this 
its  annual  report  for  the  fiscal  year  ending  June  30, 1891. 

At  the  date  of  its  last  annual  report  all  operations  in  the  field,  whether 
of  oonstruction  or  of  survey,  were,  with  some  small  exceptions,  sus- 
pended for  want  of  funds.  The  river  and  harbor  act  of  September  19, 
1890,  provided  for — 

ImproTiiig  Mississippi  Biver  from  the  Head  of  the  Passes  to  the  mouth  of  the  Ohio 
BiTer,  including  salaries,  clerical,  office,  traveling,  and  miscellaneous  expenses  of 
the  Ifiasiauppi  Kiyer  Commission :  Continuing  improvement,  $3,200,000,  which  sum 
shall  be  expended  under  the  direction  of  the  Secretary  of  War  in  accordance  with 
the  plans,  specifications,  and  recommendations  of  the  Mississippi  River  Commission, 
for  tiie  general  improvement  of  the  river,  for  the  building  of  levees,  for  surveys,  in- 
eluding  the  survey  from  the  Head  of  the  Passes  to  the  headwaters  of  the  river,  for 
tlie  work  at  the  harbors  at  Hickman.  Ky.,  at  New  Madrid,  Mo.,  at  Helena,  Ark.,  at 
Green villa^  Vicksburg,  and  Natchez.  Miss.,  at  New  Orleans,  La.,  at  the  head  of  the 
Atchafalaya  and  the  mouth  of  the  Red  River,  and  at  other  localities,  in  such  man- 
ner, to  such  extent,  and  in  such  proi>ortion  as  in  their  opinion  shall  best  promote  tlie 
interests  of  commerce  and  navigation :  Provided,  That  the  amount  expended  from 
socli  sum  for  work  at  the  harbors  aforesaid  shall  not  exceed  $600,000,  and  the  amount 
ex|>ended  at  the  head  of  the  Atchafalaya  and  tlie  mouth  of  Red  River  for  the  rectifi- 
cation thereof^  pursuant  to  the  plan  heretofore  adopted,  including  keeping  open  a 
navigable  channel  through  the  mouth  of  Red  or  Old  River  into  the  Mississippi  River, 
shall  not  exceed  $250,000. 

The  language  above  quoted  makes  several  changes  in  the  legislation 
under  which  the  Commission  has  been  acting,  the  most  important  of 
which  is  the  removal  of  restrictions  as  to  the  building  of  levees.  The 
appropriation  was  allotted  as  follows,  viz:  To  levees,  $1,200,000;  to 
works  of  channel  improvement,  ♦1,239,000;  to  surveys  and  examina- 
tions, salaries,  and  expenses  of  Commission,  $225,000;  to  harbors,  in- 
cluding Bed  and  Atchafalaya,  $536,000. 

Subsequently,  by  a  joint  resolution  dated  March  3, 1891,  Congress 
provided  a  further  appropriation,  as  follows,  viz : 

ThAt  the  sum  of  $1,000,000  is  hereby  appropriated,  to  be  paid  out  of  any  money  in 

♦^«  Treasury  not  otherwise  appropriated,  for  the  improvement  of  the  Mississippi 

ver  from  the  Head  of  the  Passes  to  the  mouth  of  the  Ohio  kivor,  which  sum  shall 

immediately  available  and  shall  be  expended  under  the  directiou  of  the  Serrctary 

War  in  accordance  with  the  plans,  s]>ecification8,  and  recommendations  of  the 

«8usipni  River  Commission :    Provided,  That  no  portion  of  this  appropriation  shall 

expended  to  repair  or  build  levees  for  the  purpose  of  reclaiming  lands  or  prevent- 

,  iiynry  to  lands  or  private  property  by  overflows:    Provided,  however,  That  tlie 

jnmiasioii  ia  anthorized  to  repair  and  build  levees,  if  in  their  judgment  it  should 

done,  88  part  of  their  plans,  to  afford  ease  and  safety  to  the  navigation  and  com- 

!ee  of  the  river  and  to  deepen  the  channel :    Provided,  further,  That  the  office, 

ical,  and  traveling  exjienses,  and  salaries  of  the  Mississippi  liiver  Commission 

f  be  paid  from  this  appropriation. 

8397 
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The  Commission  being  doubtful  of  its  authority  to  recommend  the  use 
of  this  later  appropriation  for  levees  in  some  parts  of  the  river  where 
levee  work  had  been  begun  and  where  fui-ther  work  was  deemed  essen- 
tial, the  sum  of  $260,000  was  withdrawn  from  the  previous  allotments 
to  works  of  channel  improvements,  and  reallotted  to  the  protection  of 
existing  levees  from  danger  threatened  by  high  water.  This  sum  was 
replaced  from  the  latter  appropriation,  and  the  remaining  $750,000  was 
then  alloted  as  follows,  viz,  to  works  of  channel  improvement,  $650,000, 
and  to  harbors  $100,000.  Subsequently  the  necessity  of  extensive 
works  at  Memphis  was  developed,  and  $105,000  was  withdrawn  from 
works  of  channel  improvement  and  added  to  the  allotment  for  harbors. 

The  total  amount,  $1,450,000,  allotted  to  levees  was  distributed  as 
follows,  viz : 

Second  District — 

Upper  Mississippi  Levee  District $105, 250 

White  River  Basin 192,500 

Third  District- 
Lower  Mississippi  Levee  District , 230, 750 

Tenslis  Basin  in  Arkansas 237, 500 

Tensas  Basin  in  Louisiana 129, 062 

Fourth  District — 

Tensas  Basin 250,500 

Right  bank  below  Red  River 174,250 

Left  bank  below  Red  River 118,188 

Local  surveys  and  gauges 12, 000 

1,450,000 

The  total  amount,  $1,784,000,  fiually  allotted  to  works  of  ehaunel 
improvement,  was  distributed  as  follows,  viz : 

First  and  Second  Districts — 

Plum  Point  Reach .-. .  $517,500 

Plant,  First  and  Second  Districts 130, 500 

Preservation  of  works,  local  surveys,  and  g«iugo8 30, 000 

Third  District- 
Lake  Providence  Reach 390,000 

AfihbrookNeck : 300,000 

Plant 150,000 

Local  surveys,  gauges,  etc 12, 000 

General  service ^54,000 

1, 784, 000 

The  total  amount,  $741,000,  finally  allotted  to  harbors,  w^as  distributed 
as  follows: 

First  District — 

Hickman,  Ky $500 

New  Madrid,  Mo 1,000 

Second  District- 
Memphis,  Tenn.  (for  temporary  work,  dredging) 16, 000 

Memphis,  Tenn.  (for  Hopefield  Bend  revetment ) 90, 000 

Helena,  Ark 22,500 

Third  District- 
Greenville,  Miss 200,000 

Vicksburg,  Miss 85,500 

Fourth  District — 

Natchez,  Miss 1, 500 

Red  and  Atchafalaya 225,000 

Now  Orleans,  La 100,000 

741,000 

Operations  were  resumed  as  soon  as  practicable  after  the  first  of  these 
apxn'opriations  became  available. 
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SURVEYS,   GAUGES,  AND  OBSERVATIONS. 

In  the  general  survey  of  the  river  fteld  work  was  resuuied  iu  the 
Bprmg  of  1891.     The  triangulation  party  began  at  Keokuk,  Iowa,  and 
worked  northward.    This  party  was  also  charged  with  the  establish- 
ment of  lines  of  permanent  bench-marks  across  the  valley.    By  the  end 
of  the  year  it  had  reached  a  point  4  miles  above  Burlington,  Iowa,  a  dis- 
tance of  about  5U  miles  from  the  starting  point.    The  triangulation  is 
now  completed  from  Donaldsonville,  La.,  to  this  point.    Two  leveling 
parties  were  placed  in  the  field.    One  began  at  St.  Paul,  Minn.,  and 
working  southward,  had  at  the  end  of  the  year  reached  AJma,  Wis.,  a 
distance  of  about  95  miles.   The  other  began  at  Duluth,  Minn.,  and  work- 
ing towards  St.  Paul,  had  at  the  end  of  the  year  reached  beyond  Stur- 
geon Lake,  a  distance  of  about  54  miles.    The  line  of  precise  levels  had 
in  previous  years  been  made  continuous  from'Biloxi,  Miss.,  to  Savanna, 
jn.,  and  thence  to  Chicago,  III.,  connecting  with  Lake  Michigan.    The 
new  work  will  eventually  be  connected  with  that  line.    It  is  expected 
that  topographical  parties  will  take  the  field  about  the  1st  of  August, 
1891.    The  gauge  at  Grays  Point,  Mo.,  was  reestablished,  and  the  other 
gauges  were  ke^t  up  and  read  daily. 

In  the  office  good  progress  was  made  in  the  preparation  of  the  detail 
charts,  scale  1 :10,0(K),  and  of  the  topographical  maps  from  Cairo  north- 
ward, scale  1  inch  to  1  nfile.    A  profile  of  the  Mississippi  was  prepared, 
showing  the  right  bank  and  levees  from  Cairo,  111.,  to  Donaldson ville.  La., 
and  the  left  bank  with  levees  ftx)m  Memphis  to  Vieksburg.    Additional 
sheets,  fifteen  iif  number,  of  the  1:20,000  charts  were  published,  making 
seventy-one  sheets  in  all  which  have  now  been  published,  covering  the 
river  frf>m  Donaldsonville,  La.,  to  Cape  Girardeau,  Mo.    Ten  sheets  of 
a  revised  edition  of  the  1  inch  to  1  mile  maps,  below  Cairo,  were  also 
published.     The  recomputation  of  the  discharge  measurements  made  in 
1887-1889,  and  1890,  was  completed,  and  recomputation  of  the  discharge 
measurements  made  during  the  high  water  of  1891  was  begun.    The 
daily  records  of  the  gauges  kept  by  the  Commission,  and  of  certain 
others  kept  under  the  Chief  Signal  Officer,  and  under  Major  Mackenzie 
and  Captains  Willard  and  Taber,  of  the  Corps  of  Engineers,  were  re- 
ceived, tabulated,  and  printed.    The  record  includes  thirty  gauges  at 
yarious  points  upon  the  Mississippi  Eiver  from  Hastings,  Minn.,  to  Car- 
roUton,  La.,  and  twenty-two  gauges  upon  tributaries,  and  three  upon  the 
Atchafalaya.  '  A  hydrograph  in  three  sheets,  showing  the  stages  of  the 
3f  ississippi  and  its  principal  tributaries  from  St.  Louis,  Mo.,  to  Carroll- 
ton,  La.,  by  10-day  means  for  about  20  years,  was  prepared,  and  an  in- 
vestigation was  made  of  what  changes  in  depth,  if  any,  had  occurred 
at  the  head  of  the  Passes.    For  details  of  this  and  of  other  work  of  a 
miscellaneous  character,  see  report  of  Capt.  Carl  F.  Palfrey,  the  secre- 
tary of  the  Commission,  Appendix  C. 

aENEBAL  SERVICE. 

The  "general  service^  was  originally  established  with  headquarters 
t  St.  Louis  for  the  purpose  of  fhrnishing  to  the  various  districts  such 
ipplies  as  could  not  be  procured  within  the  limits  of  the  districts  and 
>uld  not  be  conveniently  obtained  by  the  officers  in  charge  of  the  dis- 
ricts  by  direct  purchase.  As  the  work  advanced  and  markets  were 
leveloped,  the  duties  of  this  branch  of  the  organization  were  gradually 
estricted^  until  of  late  years  they  have  been  limited  almost  exclusively 
)  supplying  stone  from  the  upper  part  of  the  valley  to  the  first^  second. 
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and  third  districts.  For  several  years  past  the  office  lias  been  in  the 
same  building  with  that  of  surveys,  gauges,  and  observations,  and  ba« 
been  managed  by  the  same  officer,  the  secretary  of  the  Commission. 
Further  steps  towards  consolidation  of  the  two  offices  and  a  reduction' 
of  the  clerical  force  were  taken  this  year. 

There  were  8hipi)ed  to  the  first,  seox)nd,  and  third  districts,  20,795 
cubic  yards  of  stone.  This  includes  a  barge  load  lost,  and  a  small 
quantity  en  route  at  the  end  of  the  year.  Extensive  repairs  were  made 
to  the  fleet.  It  is  now  all  in  good  sei-vlceable  condition,  with  the  ex- 
ception of  the  steamer  Mississippi.  That  vessel  will  be  repaired  at  an 
early  day.  For  fiirther  details  see  report  of  Captain  Palfrey,.  Api)en- 
dixO. 

COMMERCIAL  STATISTICS.. 

Commercial  statistics  for  the  calendar  year  1890  were  collected.  The 
tonnage  of  the  vessels  employed  upon  the  river  below  Cairo,  as  regis-* 
tered  at  the  custom-houses  of  Pittsburg,  Cincinnati,  and  St.  Louis,  was 
125,257  tons.  Information  as  to  the  quantity  of  freight  brought  from 
the  middle  Mississippi,  above  Cairo,  is  quite  full,  but  as  to  that  brought 
from  the  Ohio,  it  is  incomplete.  The  total  amount  of 'river  traffic  be- 
low Cairo,  for  the  year  1890,  is  estimated  to  be  about  2,296,000  tons. 
For  details  see  report  of  Captain  Palfrey,  and  of  the  district  officers, 
Appendices  C,  D,  E,  and  P.  • 

FIRST  DISTRICT. 

(Cairo  to  foot  of  Island  No.  40,  220  miles.) 

faj  ColumhuSy  Kentucky^  21  miles  below  Cairo. — ^Work  at  this  locality 
has  been  carried  on  under  specific  appropriations  in  the  acts  of  1886 
and  1888,  amounting  together  to  $43,750.  The  project  pro^ided  for  a 
revetment  of  five  spur  dikes  to  protect  about  2,200  linear  feet  of  bank 
which  was  threatening  to  cave.  At  the  beginning  of  the  fiscal  year  two 
of  the  dikes  hatl  boon  completed,  and  two  more  had  been  begun,  but  the 
work  was  susi)ondo<l  on  account  of  high  water.  Work  of  construction 
was  resumed  in  Soi)tember  and  terminated  in  the  following  n)onth,  the 
funds  being  exhausted.  The  original  project  had  been  carried  out,  ex- 
cept that  one  of  the  spur  dikes  was  not  entirely  completed.  It  was 
advanced  sufficiently  far,  however,  to  accomplish  what  is  required  of  it. 
The  efficiency  of  the  system  is  not  impaired.  No  further  appropriation 
for  this  locality  is  at  present  required. 

(b)  Hickman^  Kentucky,  36  miles  below  Cairo, — ^The  acts  of  1886  and 
1888  contain  specific  appropriations  for  this  locality,  amounting  together 
to  $88,750.  The  evil  to  be  remedied  was  the  caving  of  the  bank  in 
front  of  the  town.  Owing  to  the  existence  of  a  i)rojecting  i)oint  of 
tough  clciy  a  short  distance  above  the  landing,  it  was  possible  to  accom- 
plish the  desired  result  with  an  unusually  small  development  of  work. 
A  continuous  revetment  about  1,000  feet  long,  extending  downstream 
from  the  clay  point,  was  placed  in  October,  1890.  Except  for  some 
slight  damage  at  the  downstream  end  during  the  recent  high  water,  it 
remains  in  good  condition.  No  work  was  done  this  year.  Above  the 
clay  point  caving  continues,  but  there  appears  to  be  no  public  interest 
which  is  suffering  sufficiently  to  justify  the  large  expenditure  w^hich 
would  be  required  to  perfect  that  jwrtion  of  the  bank.  Should  the  clay 
point  finally  yield,  then  additional  expenditures  will  be  required  to 
maintain  the  work  now  in  x)lace.    The  amount  remaining  unexpended  at 
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the  Wginning  of  the  liscal  year  was  $48/47.78.    The  War  Department 

baving  deeidcKl  that  the  terms  of  the  act  of  Septeiiil>er  19, 181K>,  quoted 

in  the  beguiling  of  this  report,  required  an  allotnieut  to  this  locality, 

the  sam  of  $500  was  allotted  from  the  appropriation  contained  in  that 

act.    Theae  two  sums  are  now  available.    To  protect  the  bank  above 

the  clay  point  an  additional  appropriation  of  $110,750  will  be  required. 

It  is  not  reconunended.    During  the  coming  year  a  resurvey  will  be 

iBsde  and  the  locality  will  be  watched,  but  it  is  not  expected  that  any 

eonsideiable  expenditures  will  be  required. 

(c)  New  Madrid^  Missouri.  71  miles  belotc  Cairo. — ^In  obedience  to  the 
leqnir^nenta  of  the  act  or  September  19, 1890,  as  interpreted  by  the 
War  Department,  an  allotment  of  $1,000  was  piade  to  this  locality.  It 
inll  be  employed  in  making  a  survey  during  the  coming  low-water  sea- 
son. There  has  been  some  caving  of  the  bank  in  front  of  the  town, 
which  the  inhabitants  desire  to  have  stopped.  The  Commission  is  un- 
able to  recommend  the  diversion  of  any  of  the  fiinds  appropriated  ib|: 
the  general  improvement  of  the  river,  to  this  purpose  at  this  time.  The 
^ojected  survey  will  furnish  the  data  necessary  for  estimating  the  ex- 
tent and  cost  of  the  protection  desired. 

(d)  Plum  Point  Beach,  147-166  miles  below  Cairo. — ^The  works  thus 
fiir  undertaken  in  this  reach^  arranged  geographically,  beginning  at 
the  upstream  end,  are,  1.  Daniels  Point;  2.  Ashport  Bend  revetment; 
3.  Gold  Dust  dikes;  4.  Fletchers  Bend  revetment;  6.  dikes  in  chutes  of 
Elmotlsland,  and  Island  30;  6.  Plum  Point  revetment;  7.  Plum  Point 
dik^;  8.  Osceola  Bar  revetment;  9.  BuUerton  revetment;  10.  Osceola 
uid  BuUerton  dikes.  They  are  distributed  over  a  length  of  about  20 
mileSy  some  on  one  side  and  some  on  the  other,  of  the  river.  They  consti- 
tute one  connected  whole,  each  one  being  essential  to  the  effectiveness  of 
tiie  others.  The  continued  efficiency  of  all  is  dependent  upon  the  main- 
tenance of  the  conditions  as  to  approach  of  the  river  from  above  which 
obtained  when  they  were  planned.  The  order  in  which  they  were  be- 
gan is  different  from  the  one  just  given,  the  object  being  first  to  obtain 
the  desired  results  in  the  shape  of  a  deepened  channel  and  improved 
navigation,  and  then  to  maintain  those. result^s  by  repairs  and  exten- 
skms  of  the  works  themselves,  and  by  the  addition  of  such  new  works, 
hi^^  upstream,  as  might  become  necessary.  Thus  the  latest  addition 
to  the  works  is  the  one  mentioned  first  on  the  above  list,  while  the  one 
which  requires  the  heaviest  expenditure  from  the  late  appropriations  is 
the  second. 

{d  1)  Daniels  Point  revetment. — Eapid  caving  having  developed  in 
the  long  bend  known  as  Canadian  Beach,  of  which  Daniels  Point  is 
the  foot^  and  there  not  being  sufficient  funds  to  undertake  the  protec- 
tion of  the  entire  bend  when  the  appropriation  of  1888  became  available, 
it  was  determined  to  protect  about  a  mile  of  the  downstream  end.    As 
reported  last  year,  a  continuous  revetment  5,300  feet  long  was  i)laced. 
Hie  revetment  as  a  whole  has  stood  well,  but  the  bend  above  it  has  con- 
tinued to  cave,  giving  to  the  upstream  end  of  the  revetment  a  salient 
osition.    It  has  suffered  some  damage  at  this  point.    To  maintain  it, 
;  must  be  extended  500  or  600  feet  upstream.    It  is  proposed  to  do  that 
/ork  during  the  coming  year. 
(d  2)  Ashport  Bend  revetment. — ^The  protection  of  Ashport  Bend  was 
ne  of  the  first  works  projected  in  this  reach.    A  short  piece  of  revet- 
ment was  placed  in  1882,  but  more  pressing  demands  for  funds  at  other 
^lace8  has  heretofore  prevented  a  continuation  of  the  work.    Since  that 
ate  the  caving,  though  not  rapid,  has  been  progressing.    The  bank 
ms  receded  so  far  that  it  must  now  be  held  to  avoid  an  injurious  change 
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in  the  acttion  of  all  the  works  in  the  Plum  Point  Rea^h.  Moreover,  the 
caving  hiis  in  parts  of  the  bend  recently  become  more  active.  BetweiMi 
October,  1890,  and  May,  1891,  there  was  at  one  plaice  a  maximum  reces- 
sion of  300  feet.  It  is  proposed  during  the  coming  year  to  protect  the 
entire  bend  with  a  continuous  revetment  of  brush  and  stone. 

(d  3)  Gold  Dust  dikes. — ^These  dikes,  begun  in  1882,  had  for  their  ob- 
ject to  close  the  chute  behind  Elmot  Island.  No  work  has  been  done 
upon  them  for  several  years,  and  none  is  proposed.  They  have  caused 
heavy  deposits  and  have  greatly  restricted  the  chute,  though  they  have 
not  completely  closed  it.  They  have  suffered  the  natural  deterioration 
due  to  the  circumstances  of  the  case,  and  are  now  in  a  ragged  condition. 
It  is  believed  that  the  complete  closure  of  that  chute  can  be  accom- 
plished by  works  in  the  lower  or  middle  portion  of  it  better  than  by  a 
restoration  of  these  dikes. 

(d  4)  Fletcher  Bend  revetment. — ^The  protection  of  this  bend  was  be- 
gun in  1884  and  suspended  in  January,  1885,  in  an  unfinished  condition. 
Owing  to  restrictions  contained  in  the  act  of  1886,  by  which  expendi- 
ture of  the  funds  appropriated  in  that  act  for  works  of  bank  protection 
were  prohibited,  this  work  could  not  be  resumed  until  the  autumm  of 
1888.  It  had  then  suffered  some  damage,  but  the  most  serious  result 
of  the  suspension  was  the  change  in  the  form  of  the  bend.  Unpro- 
tected parts  had  caved  back,  leaving  protected  parts  in  a  salient,  and 
making  the  shape  of  the  bend  so  awkward  that  it  was  deemed  exi)edient 
to  sacrifice  the  work  protecting  one  of  these  salients.  Nothing  has  been 
done  here  since  September,  1889.  The  protection  now  consists  of  one 
piece  of  continuous  revetment  7,800  feet  long,  beginning  at  the  upstream 
end  of  the  bend,  then  an  interval  3,800  feet  long  of  unprotected  bank, 
and  of  four  detached  blocks  of  revetment,  each  about  1,100  feet  long, 
near  the  downstream  end  of  the  bend.  The  latter  are  separated  from 
each  other  by  intervals  of  300,  400,  and  500  feet.  They  have  been  con- 
structed in  this  manner  as  an  experiment.  The  total  length  of  bank 
from  the  extreme  upper  to  the  extreme  lower  end  of  the  work  is  17,200 
feet.  It  is  proposed  during  the  coming  year  to  extend  the  continuous 
revetment  downstream  so  as  to  close  the  interval  of  3,800  feet.  There 
has  not  as  yet  been  any  great  strain  upon  the  experimental  system  of 
interrupted  revetment,  and  it  has  accordingly  not  been  demonstrated 
that  the  intervals  purposely  left  there  must  be  closed. 

(d  5)  Dikes  in  chutes  of  Elmot  Island  and  Island  30. — These  dikes, 
begun  in  1889,  were  designed  to  complete  the  closure  of  the  chute  be- 
hind Ebnot  Island,  thus  supplementing  the  Gold  Dust  system  [d  3). 
The  Elmot  Chute  being  divided  near  its  lower  end  into  two  chutes  by 
Island  30,  two  dikes  were  required,  and  they  have  been  named  as  above, 
though  in  effect  one  is  but  a  continuation  of  the  other.  In  the  last  an- 
nual rei)ort  they  were  reported,  on  June  1, 1890,  to  be  within  a  few  days 
of  completion.  A  few  days  latter  a  break  occurred  in  the  Island  30  Dike. 
It  was  repaired  in  July.  In  November  a  break  occurred  in  the  Elmot 
Dike.  It  was  repaired  during  the  winter.  In  February  bad  breaks 
occurred  in  both  dikes,  and  in  March  another  break  in  the  Elmot  Dike. 
All  this  appeared  to  demonstrate  that  permeable  dikes  were  not  well 
adapted  to  this  locality;  that  is,  to  a  large  arm  of  the  river  where  the 
obstruction  must  extend  from  one  bank  to  the  other  and  no  means  of 
escape  could  be  provided  for  the  masses  of  drift  entering  it.  Great  dif- 
ficulty had  previously  been  experienced  with  dikes  built  to  the  height 
of  a  medium  stage.  Drift  accumulating  in  large  masses  and  lifted  above 
the  dike  with  the  rising  river  would  often  lift  the  dike  with  it,  or  in  any 
event  would  exei-t  greater  destructive  power  than  when  resting  against 
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^  it.  The  great  height  given  to  these  dikes  was  adopted  with  the  hope 
*  that  by  preventing  drift  from  rnnning  over  them  they  might  be  relieved 
from  that  sonrce  of  danger.  They  were  given  extra  strength  to  enable 
them  to  resist  the  greater  direct  pressure.  But  it  appears  that  the 
strength  is  not  sufficient,  and  that  to  make  it  so  will  increase  the  cost 
above  that  of  other  methods  of  accomplishing  the  desired  object  It  is 
proposed,  therefore,  to  not  repair  these  dikes  fuither,  and  to  build  dur- 
ing the  coming  year  a  low  solid  dam  of  brush  mattresses  ballasted  with 
stone,  to  complete  the  closure  of  the  chute.  The  dikes  have  neverthe- 
less contributed  towards  that  object  by  causing  considerable  deposits. 

(d  6)  Plum  Point  revetment — Some  local  caving  having  begun  on  the 
upstream  side  of  Plum  Point,  a  short  piece  of  revetment  8(K)  feet  long 
was  placed  there  in  1889.  It  remains  generally  in  good  condition,  the 
slight  damage  at  its  downstream  end  not  having  impaired  its  efficiency, 
l^othing  was  doqe  during  the  year,  and  it  is  not  at  present  evident  that 
anything  will  be  required  during  the  coming  year. 

{d  7)  Plum  Point  dikes. — ^These  dikes,  begun  in  1883,  have  required 
but  little  attention  since  1885.  They  are  buried  in  deposits,  and  have 
fully  accomplished  the  object  of  contracting  the  width  of  the  river  for 
which  they  were  constructed.  Supplementary  dikes  at  Yankee  Bar,  a 
mile  further  downstream,  have  at  times  api)eared  to  be  desirable,  but 
they  are  not  immediately  necessary  and  wOl  not  be  undertaken  during 
the  coming  year. 

{d  8)  Osceola  Bar  revetment, — ^Rapid  caving  of  the  channel  face  of 
Osceola  Bar,  or  Towhead,  having  begun,  a  continuous  revetment  of 
brush  and  stone  was  undertaken  this  year  as  soon  as  the  work  could  be 
organized  after  the  appropriation  became  available.  It  was  begun  in 
November  at  the  downstream  end  of  the  Towhead,  that  being  the  part 
where  immediate  protection  was  most  essential,  jmd  was  extended  up- 
stream until  operations  were  stopped  by  high  water  in  February.  The 
length  of  the  protection  placed  was  4,500  feet.  An  inspection  since  the 
recent  high  water  shows  it  to  be  in  perfect  condition.  It  is  proposed 
to  extend  it  further  upstream  during  the  coming  year.  The  original 
project  under  which  it  was  begun  contemplated  a  total  length  of  about 
7,000  feet,  but  recent  changes  in  the  position  of  the  channel  may  reduce 
that  amount  considerably. 

(d  9)  Bullerton  revetTnent — ^The  revetment  of  the  channel  face  of 
Bullerton  Towhead,  constructed  in  1882-1884,  remains  in  serviceable 
condition.    It  ha«  not  required  attention  for  several  years. 

(d  10)  Osceola  and  Bullerton  dikes. — ^The  system  of  dikes  designed  to 
close  the  chutes  behind  Osceola  and  Bullerton  towheads  were  begun  in 
1882  and  essentially  completed  in  1885.  They  resulted  in  shutting  off 
nearly  all  though  not  all  water,  •nd  in  filling  the  chutes  almost  entirely 
with  deposits,  with  great  resulting  benefit  to  the  main  channel.  There 
is  no  flow  through  them  at  a  10-foot  or  lower  stage.  The  results  remain, 
though  the  dikes  themselves  are  much  decayed  and  are  in  a  ragged 
condition.  To  maintain  the  results  and  to  complete  the  closure  of  the 
chutes,  it  has  not  been  considered  necessary  to  restore  them  all.  A 
single  dike,  known  as  Bullerton  No.  2,  was  reconstructed  in  1889,  and  is 
now  in  serviceable  condition.  Nothing  was  done  here  during  the  year, 
and  nothing  is  proposed  for  .the  coming  year,  except  to  keep  the  dike 
mentioned  in  repair. 

BesuUs  in  Plum  Point  Reach. — ^The  river  did  not  rea<?h  a  very  low 
stage  during  the  year.  The  least  depth  found  in  the  improved  part  of 
the  reach  was  12  feet.  The  favorable  results  heretofore  reported  were 
maintained.    The  depth  since  the  works  were  begun  having  been 
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doubled,  the  navigable  capacity  of  this  portion  of  the  Rtream  has  been 
multiplied  by  8. 

(e)  Surveys^  gaugeSj  and  obsercatioM. — Discharge  observatioiis  during 
the  high  water  of  1891  were  made  at  Columbus,  Fulton,  and  Plum 
Point.  Two  hydrographic  surveys  were  made  of  the  Plum  Foint  Beaeh, 
one  in  October,  1890,  and  the  other  in  May,  1891.  The  gauges  were 
read  daily  throughout  the  year  at  all  the  stations. 

(/)  Levees. — ^The  only  levees  constructed  by  the  United  States  in  tiie 
first  district  are  the  two  short  detached  pieces  in  the  vicinity  of  the 
Plum  Point  Beach,  buUt  in  1880-1888.  A  piece  of  the  Tennessee  levee, 
near  its  downstream  end,  caved  into  the  river.  The  remainder  of  the 
line  required  only  trifling  repairs.  There  is  no  general  system  of  levees 
maintained  by  local  authorities  within  the  limits  of  this  district. 

A  survey  for  the  location  of  a  line  of  levees  along  the  St.  Francis 
front  was  made  in  1888  and  1889.  The  ofiBce  work  of  reducing  the 
notes  and  preparing  the  profile  was  completed  this  year.  The  line  sur- 
veyed extends  firom  Point  Pleasant,  Missouri,  to  Council  Bend,  Arkansas, 
a  distance  of  200  miles.  It  includes  23  miles  of  levee  already  built  on 
that  side  of  the  river  near  Plum  Point,  leaving  177  miles  to  be  con- 
structed. 

For  details  of  the  oi>erations  in  the  first  district,  see  report  of  Gapt. 
8.  W.  Boessler,  Appendix  D. 

SECOND    BISTBIOT. 

(Foot  of  Island  No.  40  to  mouth  of  White  River,  180  miles.) 

(a)  MemphiSj  230  miles  helaw  Cairo. — ^Works  for  the  preservation  of 
the  harbor  of  Memphis  include  the  protection  of  the  city  front  and  of 
Hopefield  Bend,  above  and  on  the  opposite  side  of  the  river.  The  latter 
work  was  begun  in  1882,  but  for  reasons  given  in  previous  reports  it 
could  not  be  completed  until  February,  1889.  By  that  time  the  down- 
stream end  of  the  bend  had  receded  so  far  that  the  approach  of  the 
river  to  the  Memphis  landing  was  no  longer  favorable  to  the  main* 
tenance  of  the  upstream  portion  of  the  landmg.  As  reported  last  year, 
a  bar  had  formed  here  in  front  of  the  landing,  where  there  are  some 
important  business  interests,  such  as  the  grain  elevator  and  lailway 
tr^sfer.  During  the  low-water  season  of  1890  a  channel  was  dredged 
through  this  bar,  and  there  was  no  interruption  of  steamboat  traffic  to 
the  elevator.  It  is  proposed  to  repeat  the  dredging  in  advance  of  tihe 
coming  low-water  seiison. 

The  revetment  of  Hopefield  Bend  suffered  some  injury  during  the 
high  water  of  1890,  a  piece  762  feet  long  of  the  work  of  1887  being 
destroyed.  This  was  replaced  last  autumn.  During  the  recent  liigh 
water  the  portions  above  the  water  surface  suft'ered  some  injury,  the 
subaqueous  parts  remaining  intact.  It  is  proposed  to  restore  tlie  revet- 
ment during  the  coming  year. 

The  protection  of  the  city  front  was  begun  in  1878,  before  the  organ- 
ization of  the  Commission,  at  the  upstream  end  of  the  landing.  With 
the  changes  in  Hox)efield  Bend  the  i)oint  of  attack  has  moved  down- 
stream and  the  protection  has  from  time  to  time  been  extended  in  that 
direction.  The  most  recent  work  is  the  system  of  spur  dikes,  known 
as  the  "  Citizens  Protection,"  originally  built  in  1886  with  fiinds  sub- 
scribed by  property  owners  in  the  vicinity,  the  work  being  executed 
under  the  direction  of  the  officer  in  charge  of  the  district  with  plant  be- 
longing to  the  United  States.    They  were  raised  and  covered  with  stone 
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by  1^6  Oonmdssion  in  1889.  They  as  weU  as  the  revetments  higher  up- 
g^eain  remain  in  good  condition.  There  are  indications  that  it  will  be 
necessary  to  extesnd  the  protection  downstream,  but  it  is  not  prox>osed 
to  undertake  that  this  year. 

(b)  Hdena,  306  miles  below  Cairo.— The  act  of  August  11, 1888,  con- 
tamed  a  specific  appropriation  of  $75,000  for  this  locality.  The  proj- 
ect adopted  had  for  its  object  the  protection  of  about  3,000  feet  of  bank 
iBfit>nt  of  the  town,  and  contemplated  a  construction  of  5  spur  dikes, 
one  piece  of  revetment  600  feet  long,  and  a  drainage  canal  to  prevent 
sipage.  As  reported  last  year,  the  funds  were  not  sufficient  to  entirely 
complete  the  project.  The  continuous  revetment,  the  drainage  canal, 
and  two  of  the  spur  dikes  were  completed.  The  remaining  three  spur 
dikes  were  IcA  in  an  unfinished  condition.  Nothing  was  done  here 
dniing  the  year:  The  works  have  suffered  no  injury.  An  allotment 
has  been  made  for  continuing  them  during  the  coming  year,  but  as  cav- 
ing has  ceased  it  is  possible  that  that  wiU  not  be  necessary. 

Je)  Surveys^  gauges^  and  observations. — ^Discharge  observations  during 
the  high  wa4«r  of  1891  were  made  at  Memphis  and  Helena.  Several 
local  hydrographic  surveys  were  made  at  Memphis.  The  gauges  were 
read  daily  throughout  the  year  at  all  the  stations. 

(d)  Levees, — The  levees  in  this  district  include  the  White  Eiver  Front, 
on  the  right  bank,  extending  fcom  Helena  to  and  including  Laconia  Cir- 
de,  a  distance  of  about  78  miles  by  river,  and  on  the  left  bank  so  much 
of  the  Yazoo  Front  as  lies  within  its  limits,  a  distance  by  river  of  about 
120  miles.    The  lengths  of  levee  are  much  shorter  than  these  distances. 
Work  was  carried  on  during  the  year  upon  both  ^nts.    UiK)n  the 
White  River  Front  a  line  was  surveyed  connecting  the  levee  of  Helena 
^th  that  at  Laconia  Circle.    The  allotment  to  this  front,  $192,500,  was 
subdivided  so  as  to  provide  $80,000  for  extending  the  levee  near  Helena 
floathward  from  its  present  terminus,  which  is  about  15^  miles  below 
Hekma,  and  $100,000  for  strengthening  the  river  side  of  Laconia  Cir- 
cle sBud  extending  that  levee  northward,  and  reserving  $12,500  for  pro- 
tecbon  during  high  water.    The  expenditure  of  the  first-mentioned  sum 
has  been  deferred  until  the  coming  year,  for  the  reason  that  after  twice 
advertising  satisfEustory  terms  for  doing  the  work  could  not  be  secured. 
At  and  above  Laconia  Circle  the  work  covered  a  total  length  of  a  little 
ovw  IS  miles.    Of  this  90,300  feet  consisted  in  closing  old  crevasses 
and  in  enlarging  the  old  levee  from  a  point  59,600  feet  below  the  town 
of  Laconia  to  a  i)oint  30,700  feet  above  it^  and  6,000  feet  was  in  new 
teyee  extending  northward.    The  total  length  of  this  line  is  about  59 
miles.   The  18  miles  worked  over  this  year,  and  the  15 J  miles  previously 
existing  below  Helena,  leave  about  25  miles  to  be  constructed  to  afford 
to  protection  to  this  front.    Exactly  what  iwrtion  of  this  can  be  cov- 
ered with  the  $80,000  available  can  not  be  determined  until  new  prices 
»e  obtamed  after  due  advertisement.    In  portions  of  the  line  there 
aw  old  and  dilapidated  levees  which  can  be  utilized.    In  all  of  the  new 
work  the  crest  was  raised  to  a  height  of  1 A  feet  above  the  high  water  of 
0. 

hi  the  Yazoo  Front  the  $80,000  allotted  to  the  Upper  Mississippi  Levee 

trict  (State  organization)  were  applied  to  raising  and  strengthening 

levees  at  Grants  Pass,  sections  60  and  61  (312  L)*  Delt^k  to  Friars 

nt,  sections  65,  66,  and  67  (314-319  L),  Hushpuckana  Crossing  (353 

n  tliiB  report  the  number  and  letter  in  brackets  after  the  name  of  a  levee  show 
iatance  in  miles  below  Cairo,  and  the  bank'of  the  river,  whether  right  or  left, 
a  wMoh  it  lies. 
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L),  Eobinsonville  (354  L),  and  Appersoiis  Field  (355  L).  The  grade  was 
raised  to  a  height  of  froiii  2  feet  in  some  cases  to  4  feet  in  others  above 
the  highest  water  recorded.  In  addition  to  tiiis  much  work  was  done 
by  the  local  authorities,  the  amount  and  location  of  which  has  not  been 
rei>orted  to  the  Commission. 

For  details  of  the  operations  in  the  second  district,  see  report  of 
Osipt.  S.  W.  Eoessler,  Appendix  D. 

THIRD  DISTRICT. 

* 

(Month  of  White  Biver  to  Warrenton,  Miss.,  220  miles.) 

(«)  Lake  Bolivar  Frontj  417  miles  below  Cairo, — ^The  work  at  this 
place  was  undertaken  in  accordance  with  a  requirement  of  the  act  of 
August  11, 1888.  The  object  was  to  stop  the  caving  of  the  bank  which 
threatened  the  large  levee  across  the  end  of  Lake  Bolivar.  A  con- 
tinuous revetment  4,400  feet  long  was  placed  during  the  latter  part  of 
1888  and  early  part  of  1889,  and  some  repairs  were  made  in  1890.  !Koth- 
ing  was  done  during  the  year.  The  work  remains  in  good  condition 
and  has  stopped  all  caving  where  it  is  placed,  removing  all  apprehen- 
sion for  the  safety  of  the  imi)ortaut  levee  which  it  was  designed  to  pro- 
tect. Farther  downstream  the  caving  continues.  It  would  be  desir- 
able to  extend  the  work  in  tliat  direction,  but  as  the  resoui'ces  of  the 
district  will  be  taxed  to  the  utmost  in  meeting  demands  which  are  more 
pressing,  it  is  fiot  proposed  to  do  anything  here  during  the  coming  year. 

(b)  Ashh'ook  Kvvkj  di6  miles  before  Cairo, — ^The  neck  which  separates 
Georgetown  Bend  from  the  bend  below  had,  fi'om  progressing  caving, 
become  so  narrow  that  the  danger  of  a  cut-off  had  become  imminent, 
with  all  its  attendant  disasters  to  navigation  and  to  riparian  owners. 
Great  injury  to  the  town  of  Grexinville  in  jJarticular  would  probably 
result  from  such  an  occurrence.  The  distance  across  the  neck  had  be- 
come but  2,300  feet,  while  the  distance  by  river  was  9  miles.  The  work 
of  protecting  the  upstream  side  of  this  work  was  begun  in  November 
last  and  continued  until  stopped  by  high  water  in  January.  At  that 
time  a  continuous  revetment  had  been  placed,  covering  2,820  linear  feet 
of  bank.  It  was  located  so  as  to  protect  the  narrowest  part  of  the 
neck,  where  caving  had  been  most  active.  During  the  subsequent  high 
water  it  was  subjected  to  enormous  and  unusual  strains  which  it  en- 
dured in  a  very  satisfactory  manner.  Except  for  a  short  distance  near 
its  downstream  end,  where  it  was  constructed  during  a  high  and  rising 
stage  of  the  river,  and  of  less  than  the  standard  width  and  where  there 
has  been  some  settlement,  the  work  now  stands  intact.  To  check  the 
flow  across  the  neck  two  lines  of  slashings,  about  900  feet  apart,  one  7,000 
feet  long  and  the  other  6,400  feet  long,  were  made  parallel  with  the 
axis  of  the  neck  through  the  forest  of  saplings  which  covers  it.  The 
trees  were  cut  off  about  6  feet  from  the  ground  and  the  tops  were  then 
wattled  in  among  the  stumps.  These  obstructions  caused  some  con- 
siderable deposits  and  aided  in  averting  the  threatened  disaster  for  this 
year,  but  they  are  of  too  slight  and  temporary  a  character  to  be  relied 
upon  permanently  to  prevent  dangerous  flow  across  the  neck.  For  that 
purpose  a  substantial  levee  will  be  required.  The  whole  work  was  be- 
gun and  prosecuted  under  pressure  of  threatened  danger.  It  is  pro- 
posed to  resume  the  constructi(m  of  the  n^votinent  as  soon  as  i)racticable, 
and  to  extend  it  both  upstream  and  downstream. 

(c)  Oreenvilley  Mississij^pij  478  miles  below  Cairo.^-^\w  work  at  this 
place,  begun  in  1887,  had  for  its  object  the  i)rotection  of  the  bank  in  front 
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of  the  town,  which  was  caving  rapidly.  The  ten  spurs  originally  con- 
structed for  that  purpose  accomplished  the  object,  and  have  continued 
to  hold  that  portion  of  the  bank;  but  the  long  bend  above  the  city 
was  caving  rapidly  over  a  length  of  several  miles.  If  that  caving 
should  continue  it  was  only  a  question  of  time  when  the  incursion  of 
the  river  above  Greenville,  into  the  alluvial  plane  ui)on  which  the  town 
stands,  should  be  deep  enough  to  take  the  town  and  its  protection  in 
f  ank.  The  certain  way  to  protect  Greenville  was  to  protect  the  bend 
above,  throughout  its  length.  This  would  involve  an  exi)enditure  of 
about  half  a  million  dollars,  a  sum  which  was  not  available  either 
immediately  or  prospectively.  The  best  that  could  be  done  was  to  pro- 
tect the  downstream  end  of  the  bend  near  the  town.  Some  efforts 
were  made  in  that  direction  in  1888  and  in  1889.  Two  additional  spur 
dikes  500  feet  apart  were  built  in  1889,  and  about  1,500  feet  and  2,000 
f^et  higher  upstream  than  the  original  system  of  ten.  The  bank  above 
them  continuing  to  cave,  they  were  left  in  a  salient  and  subject  to  ex- 
traordinary drains.  When  the  new  appropriation  became  available 
last  autumn  they  had  suffered  material  injiury.  The  repair  of  these  and 
the  construction  of  additional  works  of  revetment  further  upstream  had 
become  urgent,  but  the  condition  of  the  plant  was  such  that  it  was  en- 
tirely impracticable  to  begin  them  before  the  high- water  season.  Dur- 
ing the  high  water  of  this  spring  the  caving  in  the  bend  above  contin- 
ue more  rapidly  than  ever.  It  resulted  in  the  entire  destruction  of  the 
two  spurs  of  1889,  and  then  of  an  extraordinary  recession  of  the  bank 
which  they  had  been  protecting.  The  shore  line  is  now  from  800  to 
900  feet  in  rear  of  where  it  was  while  the  spurs  stood.  The  caving  ha« 
extended  down  to  the  work  of  1887--'88,  and  has  cut  off  two  of  those 
dikes  at  the  upstream  end  of  the  system.  It  is  proposed  during  the 
coming  year  to  buUd  a  continuous  revetment  about  6,500  feet  long  ex- 
tending upstream  from  the  second  of  the  1887-'88  spurs.  It  is  expected 
to  begin  the  work  a*  soon  as  the  stage  of  the  water  will  permit. 

(d)  Lake  Providence  Beach^  517-552  miles  heloxo  Cairo, — ^The  works  un- 
dertaken for  the  improvement  of  this  reach,  and  begun  in  1882  and  1883, 
were  systems  of  permeable  dikes,  or  contraction  works  at  Duncansby, 
Cottonwood,  MayersvOle,  Elton,  Baleshed,  and  Stack  Island — consti- 
tating  an  almost  continuous  series  of  dikes  from  Duncansby  to  Stack 
Island,  a  distance  of  12  miles,  and  of  bank  protection  at  Louisiana  Bend 
and  Mayersville  Island.  Louisiana  Bend  was  higher  upstream  than 
any  of  the  others,  and  the  direction  of  approach  through  that  bend 
fixed  the  plans  of  the  others.  The  preservation  of  Louisiana  Bend  in 
the  shape  in  which  it  then  existed  was  vital  to  the  permanent  success  of 
the  other  works.  The  protection  of  that  bank  from  caving  was  a  work 
without  i)recedent.  No  bank  so  friable  of  a  stream  so  deep  and  so  swift 
had  ever  been  protected.  Nevertheless,  the  work  of  protection  was  be- 
gun in  1883,  Diith  fall  confidence  that  it  could  be  carried  through  to  suc- 
cess. Accidents  might  occur,  and  the  earlier  work  would  perhaps  be 
less  perfectly  adapted  to  the  case  than  what  would  be  employed  after 
some  exi)erience  here,  but  it  was  not  doubted  that  with  the  means  at 
the  disposal  of  the  Commission  the  accidents  could  be  repaired,  and  the 
bank  held.  During  the  high  water  of  the  spring  of  1885  very  extensive 
injury  was  suffered  by  the  revetment,  of  which  about  12,500  linear  feet 
had  beeen  placed.  The  next  approx)riation  act  prohibited  the  use  of 
money  upon  revetments.  The  result  was  that  this  work  was  soon  after- 
wards finally  and  completely  destroyed,  and  it  was  not  until  the  restric- 
tions as  to  bank  protection  were  removed  by  the  act  of  August  11, 1888, 
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that  the  attempt  to  hold  Louisiana  Bend  could  be  renewed.  By  this 
time  the  bend  was  no  longer  in  the  position  which  it  occupied  in  1883. 
The  river  had  moved  a  distance  greater  than  its  own  width.  The 
curves  t)f  the  channel  throughout  the  reach  below  were  reversed.  The 
plans  were  all  upside  down.  Except  at  Baleshed  and  Stack  Island,  the 
works  have  been  destroyed.  For  this  reason  it  will  not  be  profitable 
to  sketch  in  outline  the  history  of  each  work.  It  may  be  said  in  gen- 
eral terms  that  the  contraction  works  largely  accomplished  the  object 
for  which  they  were  constructed,  at  least  temporarily.  They  certainly 
improved  the  navigation  very  much,  and  these  results  still  remain. 
But  the  river  is  not  yet  under  control  in  the  Lake  Providence  Beach, 
and  it  is  not  certain  that  the  results  are  permanent. 

A  new  protection  was  begun  m  Louisiana  Bend  in  1889  and  com- 
pleted for  a  length  of  6,024  feet.  It  has  been  through  the  floods  of  1890 
and  1891 — ^in  this  vicinity  the  two  highest  upon  record — and  now  stands 
intact.  Nothing  was  done  during  the  year,  all  of  the  plant  which  could 
be  rej)aired  in  time  being  more  urgently  required  elsewhere.  It  is  pro- 
posed during  the  coming  year  to  extend  the  work  towards  the  foot  of 
the  bend. 

(e)  VicJcsburg^  599  miles  below  Cairo, — ^The  works  for  the  maintenance 
and  improvement  of  Vicksburg  Harbor  consist,  first,  of  the  revetment 
of  Delta  Point  to  prevent  its  further  recession,  which  would  allow  the 
river  to  abandon  the  present  Vicksburg  front  entirely  instead  of  partly, 
as  is  now  the  case;  and,  second,  of  a  dredged  canal  leading  to  a  dredged 
basin  at  the  upstream  part  of  the  city  front. 

The  Delta  Point  revetment,  covering  10,700  linear  feet  of  bank,  was 
constructed  between  1878  and  1884.  It  has  required  no  repairs  for  sev- 
eral years,  and  is  now  in  good  condition.  Higher  upstream  the  bank 
continues  to  cave,  and  it  will  probably  be  necessary  to  extend  the  revet- 
ment in  that  direction  in  the  future,  but  it  is  not  proposed  to  do  that  in 
the  coming  year. 

At  the  date  of  the  last  annual  report  dredging  was  in  progress  in  the 
canal.  It  was  continued  until  August,  when  it  was  susx)ended  on  ac- 
count of  low  water.  The  canal  had  then  been  excavated  to  the  plane 
+8  feet  on  the  Vicksburg  gauge,  but  the  side  slopes  being  nearly  ver- 
tical soon  began  sliding  into  the  canal,  so  that  a  navigable  depth  to 
that  plane  was  not  attained.  Dredging  was  resumed  in  March,  1891, 
and  by  the  1st  of  June,  1891, 164,000  cubic  yards  had  been  excavated. 
The  work  is  still  in  progress.  It  is  expected  that  with  funds  now  avail- 
able the  canal  and  basin  can  be  cut  down  to  the  IcA^el  +3  feet  on  the 
Vicksburg  gauge.  A  fill  of  about  28,000  cubic  yards  from  river  de- 
posits, between  August  and  February,  was  noted. 

(/)  Surveys,  gauges^  and  observatimis* — Discharge  observations  during 
the  high  water  of  1891  were  made  at  Arkansas  City,  Ark.,  and  Wil- 
sons Point,  La.  Hydrographic  surveys  were  made  near  Bolivar  Front, 
Ashbrook  Neck,  Greenville,  Louisiana  Bend,  and  Mayersville.  The 
gauges  were  read  daily  throughout  the  year  at  all  the  stations. 

(g)  Levees. — The  levees  in  this  district  include  the  upper  half  of  the 
Tensas  Basin,  a  distance  by  river  of  about  181  miles  on  the  right  bank, 
and  on  the  left  bank  of  the  lower  half  of  the  Yazoo  Basin,  a  distance 
by  river  of  about  206  miles.  The  lengths  of  levee  are  much  shorter 
than  these  distances.  Work  was  carried  on  during  the  year  upon  both 
fronts.  To  conform  to  local  divisions,  the  right  bank  is  subdivided  into 
Tensas  Basin  in  Arkansas  and  Tensas  Basin  in  Louisiana.  In  the 
former  subdivision  the  following  lengths  of  new  levee  were  undertaken, 
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viz,  902  feet  at  Brooksfleld  (425  B),  1785  at  Boggy  Bayou  (426  B), 
16,524  feet  in  the  Lacca  Loop  extension  (428  B),  1,630  feet  at  Luna 
(467  E),  1,480  feet  at  Columbia  (469  B),  4,670  feet  at  Leland  (470  B), 
16,330  feet  at  Sunnyside  (487-490B).    At  the  date  of  last  inspection  none 
of  the  contracts  were  completed,  but  it  was  expected  that  all  except 
the  LnceaLoop  work  would  be  practically  completed  by  theSOth  of  June^ 
1891.    The  contract  for  that  levee  does  not  expire  until  the  Ist  of  Feb- 
ruary next.    In  all  cases  the  new  levees  were  being  built  to  a  height  3 
feet  above  high  water  of  1890,  and  with  an  8-foot  crown.    In  adcStion 
to  the  work  done  by  the  Government  in  this  subdivision,  the  Tensas 
levee  board  of  Louisiana  constructed,  of  new  levee,  963  feet  at  Sap- 
pington  (430  B),  471  feet  at  Ferguson  (430  R),  1,291  feet  at  Arkansas 
City  (438  B),  and  repaired  and  strengthened  12,900  feet  north  of  Ar- 
kansas City;  and  the  Desha  levee  board  built  650  feet  of  new  levee  at 
Chicot    The  quantity  of  embankment  contracted  for  by  the  Govern- 
ment was  707,702  <»ubic  yards,  and  by  the  local  authorities  90,534  cubic 
yards.    The  older  levees  are  of  a  flimsy  character.    The  amount  of 
material  required  to  raise  them,  from  Amos  Bayou  to  the  Louisiana 
line,  to  a  height  3  feet  above  liigh  water  of  1890,  with,  an  8-foot  crown, 
is  estimated  to  be  7,003,524  cubic  yards,  exclusive  of  the  work  now 
under  contract.    But  this  will  not  fully  protect  the  head  of  the  Tensas 
Basin.    To  do  that  it  will  be  necessary  to  extend  the  line  northward  to 
connect  with  the  levees  on  the  Arkansas  Biver,  and  to  repair  and 
strengthen  the  Arkansas  Biver  levees  for  some  distance  up  that  river, 
which  involves  the  placing  of  several  millions  yards  more. 

In  the  Tensas  Basin  in  Louisiana — the  portion  of  it  belonging  to  the 
third  district — ^work  was  confined  to  a  new  levee  at  Elton  (540-^42  B.). 
The  amount  of  embankment  is  about  353,587  cubic  yards.  It  is  ex- 
pected that  this  contract  will  be  completed  early  in  July.  The  profile 
of  the  old  levees  in  this  subdivision  is  much  stronger  than  that  of  those 
in  Arkansas.  It  is  estimat-ed  that  about  2,796,000  cubic  yards  of  em- 
baokment  will  be  require  to  raise  them  to  a  height  3  feet  above  high 
water  of  1890  with  an  8-foot  crown. 

On  the  Yazoo  Front  the  third  district  covers  the  local  organization 
known  as  the  Lower  Mississippi  levee  district,  and  overlaps  for  28 
miles  upon  the  Upper  Mississippi  levee  district.     The  work  under- 
taken was  all  in  the  former  subdivision,  and  consisted  of  the  enlarge- 
ment of  old  levees.    It  covered  10,025  feet  at  Timber  Lake  (441-443  L), 
10,000  feet  at  Port  Anderson  (443-444  L),  72,265  feet  at  Offuts  Front 
(444-478L),  14,500  feet  at  Longwood  (502  L),  6,570  feet  at  Clover  Hill 
(534  L),  6,580  feet  at  Upper  Skipwith  (528  L),  and  5,641  feet  at  Lower 
Skipwith  (529  L).    The  levees  at  these  places  were  raised  to  a  height  of 
fix>m  H  feet  in  some  places  to  3^  tVet  in  others  above  the  actual  high 
water  in  1890.    At  the  date  of  the  last  inspectiou  none  of  the  contracts 
were  completed,  but  it  was  exi)ected  that  all  except  those  for  Timber 
Lake  and  Clover  Hill  would  be  completed  by  June  30, 1891.    The  total 
yardage  contracted  for  by  the  Government  was  601,916  cubic  yards. 
lie  Government  also  constructed  two  loops  above  Greenville,  of  about 
>,000  cubic  yards.    In  addition  to  this  work  the  Lower  Mississippi 
vee  board  placed  1,492,973  cubic  yards  at  various  points  not  reported 
►  the  Commission.    The  yardage  required  to  raise  the  IcA^ees  in  this 
strict  to  a  height  3  feet  above  the  calculated  high  water  of  1890,  with 
cn>wn  of  8  feet,  is  estimated  to  be  8,193,000  cubic  yards. 
For  detaUa  of  the  operations  in  the  third  district,  see  report  of  Capt. 
McD.  Townsend,  Appendix  B. 
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FOURTH  DISTRICT, 

(Warrenton,  Miss.,  to  Head  of  Passes,  484  miles.) 

(a)  N'atchez  and  Vidaliaj  700  miles  below  Cairo. — ^This  locality  first  re- 
ceived the  atte>ntioii  of  Congress  in  1879,  when  by  joint  resolution  dated 
June  28,  of  that  year,  a  survey  was  ordered.  It  was  made  by  the 
Engineer  Department  of  the  Army,  and  the  cost  of  the  improvement 
was  estimated  to  be  $939,600.  An  appropriation  of  $40,000  was  made 
in  the  act  of  June  14, 1880.  Though  it  was  difficult  to  find  any  way  to 
apply  this  small  amount  to  advantage,  it  wa«  thought  that  the  best 
chance  of  gettmg  some  result  from  it  would  be  to  protect  a  portion  of 
Marengo  Bend,  with  a  view  to  preventing  a  junction  of  the  river  with 
Lake  Concordia.  It  was  so  applied  and  was  lost.  The  act  of  May  3, 
1881,  contained  a  further  appropriation  of  $50,000.  By  this  time  the 
threatened  junction  of  the  river  with  Lake  Concordia  had  occurred,  and 
it  was  thought  best  to  apply  the  frinds  to  beginning  the  protection  of 
Giles  Bend  above.  This  was  done  and  the  work  wa«  subsepuently  lost. 
The  work  came  under  the  jurisdiction  of  this  Commission  in  1882,  with 
an  unexpended  balance  of  about  $8,000.  Since  that  date  no  special  ap- 
propriation has  been  made,  but  the  locality  has  been  mentioned  with 
other  harbors  in  several  or  the  acts  appropriating  money  for  the  im- 
provement of  the  river.  It  has  continued  to  receive  the  attention  of 
the  Commission,  though  no  attempt  has  been  made  to  begin  the  work  of 
construction.  Exi)erience  here  has  shown,  what  has  so  often  been 
demonstrated  elsewhere,  that  it  was  useless  to  begin  the  work  with  in- 
adequate means.  A  new  survey  was  made  in  1884,  and  a  revised  esti- 
mate was  submitted.  An  experimental  form  of  construction  was  sug- 
gested, and  it  was  reported  that  the  cost  by  that  method,  if  successftil, 
would  be  $700,000,  and  that  if  unsuccessftd  the  cost  by  an  alternative 
method  would  be  at  least  double,  or  $1,400,000  (see  Annual  Tieport  for 
1884).  At  least  one-half  the  first-named  amount  should  be  available 
before  the  work  is  begun,  and  it  should  be  followed  up  by  the  annual 
expenditure  of  an  equal  sum  until  the  work  is  comjileted.  The  Commis- 
sion ha«  never  had  at  its  disposal  amounts  of  money  so  great  as  to 
justify  the  diversion  to  this  locality  of  such  sums  as  this.  The  small 
balance  of  1882  has  been  expended  in  the  care  of  the  public  property 
belonging  to  the  work  and  in  surveys:  The  act  of  September  11, 1890, 
as  in^rpreted  by  the  War  Department,  requiiing  some  allotment  to 
this  pljice,  a  sum  sufficient  for  a  new  survey  was  allotted  and  a  survey 
was  ordered.  The  field  work  was  completed  about  the  end  of  May. 
The  report,  which  has  not  as  yet  been  received,*  will  show  what  changes 
have  occurred  since  the  previous  survey,  and  will  form  the  basis  of  a 
new  estimate  of  cost;  but  otherwise  the  situation  will  be  the  same  as 
before.  The  caving  in  the  bends  continues,  and  danger  to  the  Natchez 
landing  is  threatened,  but  the  Commission  is  helpless  in  the  matter. 

{b)  Rectification  of  tJie  Bed  and  Atchafalaya  Rivers^  764  miles  below 
Cairo, — ^The  project  adopted  for  this  locality  has  for  its  object/S  (1)  to 
limit  the  outlet  capacity  of  the  Atchafalaya,  and  (2)  to  improve  the  low- 
w^ater  navigation  from  the  Mississippi  into  the  Atchafalaya  and  also 
into  the  lied  River. 

The  first  of  these  objects  is  to  be  accomplished  by  the  construction  of 
a  series  of  dams  in  the  Atchafalaya,  submerged  sufficiently  to  permit 
navigation  over  them.    At  the  date  of  the  last  Annual  Report  two  of  the 

*  This  report  has  since  been  submittecU 
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Injected  dams,  I^os.  1  and  3,  had  been  constructed  near  Simmsport,  in 
^e  Atchafalaya,  abont  5  iniles  below  its  head.  Some  repairs  were 
made  to  the  shore  protection  at  the  ends  of  these  dams  daring  the  year, 
but  nothing  farther  was  done  here.    The  dams  remain  in  good  condition. 

The  second  object  is  to  be  accomplished  by  replacing  the  present  single 
channel  between  the  Mississippi  and  the  Bed-Atchafalaya,  through 
which  the  flow  is  sometimes  in  one  direction  and  sometimes  in  the  other, 
by  two  channels,  one  for  the  inflow  from  the  Eed  to  the  Mississippi, 
and  the  other  for  the  outflow  from  the  Mississippi  to  the  Atchafalaya, 
and  to  prevent  the  Eed  Eiver  at  low  water  from  wasting  itself  down 
Uie  Atchafalaya,  Dy  a  dam  which  shall  separate  it  from  that  stream  at 
aU  stages  below  10  feet.  One  of  these  channels  is  frirnished  by  the 
pnesent  single  channel,  called  Lower  Old  River,  south  of  TumbuU  Is- 
land. The  other  is  to  be  created  by  the  enlargement  of  Upper  Old 
•  Biver,  north  of  Tumbull  Island,  for  the  greater  part  of  its  length  until 
it  reaches  the  vicinity  of  Garr  Point,  and  then  continuing  it  to  a  junc- 
tion with  the  Mississippi  by  excavation  through  Garr  Point. 

At  tlie  date  of  the  last  Annual  Eeport  the  sill  of  the  Eed  Eiver  dam 
had  been  placed.  Work  upon  this  dam  was  continued  this  year.  The 
cribs  for  the  flrst,  second,  and  third  tiers  were  fabricated,  and  a  part 
of  th^n  were  sunk  into  position,  and  preparations  were  under  way  for 
sinking  the  remainder.  These  will  bring  the  top  of  the  dam  to  the  level 
of  from  1  to  3  feet  below  low  water. 

Dredging  in  Upper  Old  Eiver  was  begun  in  December  and  was  stopped 
by  high  water  on  the  2d  of  February.  About  30,000  cubic  yards  of  ex- 
cavation was  made.  The  material  was  soft  mud.  The  dredges  were 
not  well  adapted  to  lifting  it,  and  the  trench  was  difficult  to  maintain, 
the  semi-fluid  sides  flowing  into  it  with  much  facility.  The  water  way 
Uuongh  Upper  Old  Eiver  has  much  diminished  in  size  in  the  last  few 
years,  until  now  a  narrow  chute,  which  was  dry  in  places  at  a  12-foot 
stage,  is  all  that  remains  of  it.  The  operation  of  dredging  a  channel 
thioo^h  it  will  be  difficult  and  costly,  and  will  probably  require  different 
appliances  from  those  now  on  hand. 

To  maintain  the  existing  low- water  navigation  through  Lower  Old 
Biver  some  dredging  was  done  as  usual.  Navigation  was  at  no  time 
stopped,  though  boats  had  trouble  for  some  weeks  in  August. 

'Die  construction  of  a  telephone  line  30  miles  long,  to  connect  with 
West  Melville,  the  nearest  railway  station,  was  begun. 

(c)  New  Orleans  Harbor ^  963  miles  below  Cairo. — ^The  city  of  New  Or- 
l^ms  covers  a  len^h  of  about  13  miles  of  the  Mississippi  Eiver.  In' 
that  distance  the  nver  makes  four  bends,  called  the  Gorrollton,  Green- 
ville, Gouldsboro,  and  Third  District  bends.  In  all  of  them  more  or 
leas  erosion  was  going  on,  which,  as  the  value  of  property  increased,  it 
became  desirable  to  stop.  The  features  of  the  case,  which  are  x>eculiar 
and  make  it  different  from  other  places  where  the  protection  of  banks 
has  been  undertaken,  are:  1st,  the  great  depth  of  water  and  steepness 
of  the  banks,  which  are  unfavorable;  2d,  the  comparative  stability  of 

le  banks,  which  has  enabled  New  Orleans  to  occupy  essentially  her 

resent  site  for  a  century  and  a  half,  which  is  favorable.  The  system 
f  spur  dikes  was  introduced  in  1884  and  has  since  then  been  used 
Kidnsively,  and  has  thus  &r  been  successful.    The  spurs  begin  near 

le  low  water  line  and  project  into  the  river  to  the  point  where  their 

ip  surfoces,  having  a  slope  of  1  upon  3,  intersect  the  bottom.  They 
re  usually  about  1,000  feet  apart,  but  the  interval  may  vary  with  the 
reater  or  less  curvature  of  the  bend. 

At  the  beginning  of  the  fiscal  year  there  had  been  placed  in  Kew 
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Orleans  Harbor  2  spurs  in  the  Greenville  Bend,  6  in  the  Gonldsboro 
Bend,  and  4  in  the  Third  District  Reaeh,  a  Mttle  below  the  bend.  Dur- 
ing the  year  3  spurs  were  built  in  the  Carrollton  Bend.  They  were  all 
in  good  condition  at-the  end  of  the  year. 

It  is  proposed  during  the  coming  year  to  place  additional  spurs  in 
Carrollton  Bend  and  the  Third  District  Beach. 

{d)  Surveys^  gauges^  and  observations. — ^Discharge  observations  during 
the  high  water  of  1891  were  made  at  !N'atehez,  R^  River  Landuig,  and 
Carrollton,  on  the  Mississippi,  and  at  Simmsport  on  the  Atchafalaya. 
Local  surveys  were  made  at  Carr  Point,  Red  River  Dam,  Atchafalaya 
Dams,  parts  of  New  Orleans  Harbor,  and  in  connection  with  levees,  be- 
sides the  survey  at  Natcliez  already  mentioned.  The  old  gauges  were 
read  daily  throughout  the  year,  and  two  new  gauge  stations  were  estab- 
lished, one  above  the  Red  River  Dam^  and  the  other  at  Fort  Jackson. 

{e)  Levees. — ^The  levees  in  this  district  include  the  lower  half  of  the 
Tensas  Basin  and  the  Atchafalaya  Basin  on  the  right  bank,  a  distance 
by  river  of  about  432  miles,  and  on  thelefb  bank  the  low  country  below 
Baton  Rouge,  a  distance  by  river  of  about  206  miles.  Work  was  car- 
ried on  during  the  year  upon  all  three  fronts. 

In  the  Tensas  Front  the  following  lengths  of  levee  were  undertaken, 
viz:  3,030  feet  at  Bedford  (606  R),  2,405  feet  at  Kempe  (659  R),  13,888 
feet  at  Gibson  Landing  (683  R),  3,355  feet  at  Ferriday  (693  R),  578  feet 
at  Arnauldia  (702  R),  1,705  feet  at  Henderson  (712  R),  and  10,285  feet  at 
peer  Park  (722  R).  They  were  to  receive  a  height  of  from  1.8  feet  in 
some  places  to  3  feet  in  others  above  high  water  of  1890,  with  a  crown 
of  8  feet  and  slopes  of  1  upon  3.  By  the  end  of  the  year  all  were  com- 
pleted except  those  at  Gibson  Landing  and  Henderson.  An  attempt 
was  made  to  build  a  levee  at  Buckridge  (624  R),  and  a  contract  was 
let,  but  property  owners  refused  their  consent  to  the  line  selected  and 
the  work  was  not  undertaken.  The  total  yardage  in  this  subdivision 
undertaken  by  the  Government  was  587,260  cubic  yards,  of  which  387,330 
cubic  yards  were  completed  and  paid  for.  It  is  proposed  to  complete 
the  contracts  before  the  next  high  water.  Work  wa«  done  by  the  local 
authorities,  the  amount  and  location  of  which  has  not  been  reported  to 
the  Commission. 

On  the  right  bank  below  Red  River  (Atchafalaya  Basin)  the  follow- 
ing lengths  of  levees  were  undertaken,  viz:  6.159  feet  at  Nina  (806  R), 
6,170  feet  at  Highland  (815  R),  4,145  feet  at  Barroza  (823  R),  and  3,400 
feet  at  Evergreen  ^857  R).  They  were  to  receive  a  height  of  3  feet 
above  high  water  or  1890  with  a  crown  of  8  feet  except  at  Nina,  where 
it  was  6  feet,  and  with  slopes  of  1  upon  3,  except  at  Barroza,  where 
upon  the  land  side  it  was  1  upon  4.  By  the  end  of  the  year  the  levee 
at  Barroza  was  finished,  and  good  progress  had  been  made  upon  the 
others.  The  total  yardage  in  this  subdivision  undertaken  by  the  Gov- 
ernment was  482^411  cubic  yards,  of  which  411,282  cubic  yards  were 
completed  and  paid  for.  It  is  proposed  to  complete  the  contracts  before 
the  next  high  water.  Work  was  done  by  the  local  authorities,  the 
amount  and  location  of  which  has  not  been  reported  to  the  Commission. 

On  the  left  bank  below  Red  River  (locally  known  as  the  Pontehar- 
train  Levee  District),  the  following  lengths  of  levee  which  had  been 
begun  by  the  local  authorities  were  taken  in  hand  and  completed  by 
the  United  States,  viz:  4,813  feet  at  Shannon  (837  L),  1,420  feet  at  Mar- 
tinez (842  L),  4,423  feet  at  Gay  (845  L),  3,135  feet  at  Woodstock  (847 
L),  4,540  feet  at  Hermitage  (850  L),  7,400  feet  at  Grenada  (850  L),  4,855 
feet  at  Southwood  (875  L),  4,032  feet  at  Ashland  (878  L),  4,700  feet  at 
Discharry  (882  L),  1,325  feet  at  Irvine  (892  L),  1,080  feet  at  Union  (893 
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1^*2359  feet  at  Lilly  (900  L),  1,037  feet  at  College  Point  (903  L),  10,640 
feet  at  Terre  Haute  \919  L),  1,336  feet  at  Cornland  (922  L),  1,272  feet  at 
De^tralian  (939  L),  and  7,350  feet  at  Frellson.  All  were  completed  before 
the  recent  lugh  water.  They  were  built  to  a  height  of  3  feet  above  high 
water  of  1890,  some  of  them  with  an  8-foot  crown,  and  others  with  a 
emwn  of  5  and  6  feet,  with  side  slopes  usually  of  1  upon  3,  but  in 
some  cases  of  1  upon  2.  The  total  yardage  placed  by  the  Government 
was  431,877  cubic  yards.  The  local  authorities  placed  about  half  as 
much. 

For  details  of  the  operation^in  the  Fourth  district,  see  report  of  First 
Lieut.  John  Millis,  Appendix  F. 

HIGH   WATER  OP   1891. 

The  high  water  of  1891  was  not  of  excessive  height  in  the  upper  part 
of  the  valley.  As  far  down  as  the  motfth  of  the  Arkansas  Kiver,  401 
miles  below  Cairo,  its  height  has  been  exceeded  half  a' dozen  times  in 
the  last  10  years.  Below  the  Arkansas  it  was  one  of  the  highest  upon 
record.  At  certain  points,  such  as  Lake  Providence  and  CarroUton,  it 
reached  about  the  same  height  as  that  of  1890,  which  has  never  been 
exceeded.  At  other  points  it  approached  very  closely  to  the  height  of 
189t),  while  at  others  it  fell  short  by  from  T  to  3  feet  of  the  height 
reached  in  1890.  The  maximum  discharge,  as  measured  at  Arkansas 
City,  Wilson  Point,  and  Natchez,  was  greater  than  that  measured  in 
ISIH),  while  at  Memx)his,  Helena,  Red  Eiver  Landing,  and  CarroUton  it 
was  less. 

During  the  period  of  danger  the  district  officers  displayed  their  usual 
zeal  in  their  efforts  to  hold  the  levees.  The  engineering  staff  had  been 
stationed  at  critical  points,  sacks  and  lumber  had  been  distributed,  and 
all  steamers  required  for  transx)ortation  and  inspections  employed,  and 
other  necessary  preparations  made.  Being  well  prepared  in  advance, 
and  favored  with  reasonably  good  weather,  they  were  able  to  obtain,  in 
ixjoperation  with  the  local  authorities,  a  good  degree  of  success.  In  ac- 
cordance with  rules  established  by  the  Commission,  patrolling  was  gen- 
emlly  left  in  the  hands  of  the  local  authorities,  the  funds  of  the  Gov- 
ernment being  appUed  exclusively  to  the  labor  and  materials  required 
to  maintain  the  embankments.  Exceptions  to  this  rule  were  made  in 
the  case  of  levees  built  by  the  United  States  in  localities  where  no 
lo<Red  organization  existed.  No  attempt  was  made  to  close  a  crevasse 
once  opened,  but  efforts  were  made  to  hold  the  ends  of  the  broken  levees. 
The  Commission  considers  the  first  of  these  rules  essential  to  maintain 
the  active  interest  of  the  persons  most  immediately  interested  in  the 
maintenance  of  the  levees,  and  the  second  to  avoid  extravagant  ex- 
penditures. 

There  were  in  all  but  five  crevasses  during  the  flood.  They  were  at 
Robinsr>nviIle  (354  L),  SteUa  (503  L),  Concord  (550  R),  Ferriday  <693  R), 
r-nd  Ames  Plantation  opposite  New  Orleans  (963  R).  There  was  also  a 
1  *ak  at  Greenville,  due  to  the  levee  caving  into  the  river,  but  it  had 
1  en  anticipated  and  a  new  levee  had  been  constructed  behind  it,  which 
J  evented  damage  from  overflow.  All  except  the  first  crevasse  were 
1  low  the  Arkansas  River.  The  aggregate  length  of  all  the  breaks  was 
'  *34  feet,  or  about  one  mile';  this  out  of  a  total  length  of  about  1,300 
I    ies  of  levee  below  Cape  Girardeau,  Mo. 

The  Kobinsonville  crevasse  attained  a  width  of  550  feet.  Its  dis- 
I  arge  was  measured,  but  owing  to  an  eddy  the  results  are  unreliable. 
]    s  further  enlargement  was  prevented  by  the  protection  of  its  broken 
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• 
ends,  the  Government  furnishing  the  material  and  the  local  authorities 
the  labor.    It  overflowed  an  area  of  about  62  square  miles  in  Bolivar 
County  and  perhaps  half  as  much  more  in  Coahoma  County. 

The  Stella  crevasse  attained  a  width  of  422  feet  and  a  maximum  dis* 
charge  of  19,000  cubic  feet  per  •second.  Its  enlargement  was  prevented 
by  the  protection  of  its  broken  ends.  It  overflowed  an  area  of  about 
492  square  miles,  of  which  perhaps  one-third  would  have  been  over- 
flowed by  baek  water  from  the  Mississippi  through  the  foot  of  the 
Yazoo  Basin  without  any  crevasse. 

The  Concord  crevasse  attained  a  width  of  1,600  feet  and  a  maximum 
discharge  of  100,000  cubic  feet  per  second.  Its  enlargement  was  finally 
checked  by  temporary  dikes  built  out  at  right  angles  with  its  general 
direction.  It  overflowed  an  area  of  about  418  square  miles  in  the  third 
district  and  perhaps  as  much  more  in  the  fourth  district. 

the  Ferriday  crevasse  occurred  after  the  river  had  fallen  consider- 
ably below  its  highest  stage.  It  Attained  a  width  of  97  feet  and  a  max- 
imum discharge  of  about  3,400  cubic  feet  per  second.  It  was  readily 
closed.    It  inflicted  only  local  injury. 

The  Ames  crevasse  attained  a  width  of  1,665  feet  and  a  maximum 
discharge  of  about  91,000  cubic  feet  per  second.  It  overflowed  an  area 
of  over  2,000  square  miles,  of  which  about  one- tenth,  or  151,000  acres, 
was  under  cultivation.  It  interrupted  traffic  upon  three  railroads. 
The  damage  which  it  inflicted  to  agriculture,  live  stock,  drainage  and 
canals,  buUdings,  fences,  and  railroads  is  estimated  by  the  district  offi- 
cer at  over  $8,000,000. 

Besides  these  crevasses  there  was  an  opening  in  the  levee  at  Hender- 
son (713  E.),  which  had  been  made  in  1890,  and  had  not  been  closed. 
It  attained  a  width  of  1,075  feet,  and  a  maximum  discharge  of  about 
26JWK)  cubic  feet  per  second. 

The  Ames  crevasse  was  caused  by  a  badly  constructed  rice  flume. 
The  great  Nita  crevasse  of  1890  was  due  to  the  same  cause.  These 
and  other  disasters  have  led  the  Commission  to  condemn  the  danger- 
ous practice  of  placing  rice  flumes  in  the  levees,  and  it  has  resolved  that 
hereafter  no  levees  shall  be  constructed  or  enlarged  by  the  Commission 
in  which  any  such  device  is  to  be  placed ,or  allowed  to  remain.  No 
special  cause  could  be  assigned  to  the  other  crevasses.  They  occurred 
in  old  levees  which  were  not  suspected  of  being  especially  weak  as  com- 
pared with  many  other  portions  of  their  respective  fronts.  They  were 
due  to  the  inherent  weakness  of  the  embankments  which  pervadesa  very 
considerable  portion  of  them.  The  process  of  strengthening  the  lincSs 
which  has  been  going  on  from  year  to  year,  and  is  to  be  continued,  has 
this  year  shown  satisfactory  results.  The  flood  of  this  year  did  not 
differ  greatly  in  volume  from  that  of  last  year  in  the  third  district, 
though  this  year  the  weather  was  less  unfavorable.  In  the  second  and 
fourth  districts  it  was  somewhat  less  in  volume  this  year  than  last.  In 
the  second  district  there  was  no  break  last  year,  and  but  one  tliis  year. 
In  the  third  district  there  were  17  breaks  last  year,  with  an  aggregate 
length  of  about  3f  miles,  while  this  year  there  were  but  two  breaks, 
aggregating  2,022  feet  in  length.  In  that  district  the  overflow  limits 
on  the  right  bank  include  an  area  of  3,060  square  miles,  of  which  2,500 
were  under  water  last  year,  and  but  418  square  miles  this  year;  on  the 
left  bank  the  overflow  limits  include  an  area  of  nearly  2,000  square 
miles,  of  which  1,900  were  under  water  last  year,  and  but  554  this  year. 
In  the  fourth  district  there  were  27  breaks  last  year,  having  an  aggre- 
gate length  of  over  2  J  miles,  while  this  year  there  were  but  two  breaks, 
aggregating  1,762  feet  in  length.    There  are  no  data  for  comparing  the 
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damage  inflicted  in  this  distiict  last  year  with  that  of  this  year,  but  the 
Slta  i!n*vai4se  la«t  y^ar  alone  diseharged  more  water  than  all  of  the 
erevasses  this  yeiir. 

FINANCIAL  8TATKMKNT8. 

Appropriation  for  Balaries  and  expeiiHOS  MisBiasipjii  River  CommiHHion : 

Balance  on  hand  July  1,  1890 $116.50 

Expanded  from  July  1,  1890,  t<Wune  30,  1891 35.59 

Balance  on  hand  June  30,  1891 80.91 

Appropriation  for  deficiencies  Mississippi  River  CommisHion : 

Appropriated,  act  of  March  3,  1891 1,950.00 

Expended  from  March  3  to  June  30,  1891 1,950.00 

Appropriation  for  survey  of  Mississippi  River : 

Balanee  on  hand  July  1,  1890 3,880.16 

Expended  from  July  1,  1890,  to  June  30,  1891' 3,873.08 

Balance  on  hand  June  30, 1891 , 7.08 

Appropriation  for  improving  Mississippi  Kiver: 

Balanot^  on  hand  July  1,  1890 375,048.34 

Appropriated,  act  of  September  19, 1890 3,200,000.00 

Appropriated,  act  of  March  3,  1891 1,000,000.00 

Retiinded 21.00 

Total 4,575,069.34 

Exi»ended  from  July  1,  1890,  to  June  30, 1891 1,518,989.35 

Balance  on  hand  June  30,  1891 3,056,079.99 

Distributed  as  foUows: 

I>evtes 724,955.32 

Channel  work 830,591.57 

Harlmrs  and  bank  protection 753, 989. 85 

K«l  and  Atchafalaya  rivers 147,109.28 

Survey ti,  gauges,  and  observations 143, 548. 24 

Plant,*  general  service,  and  miscellaneous 455,  885. 73 

3, 056,  079. 99 

Approximate  outstanding  liabilities  and  amounts  covered  by  exist- 
ing contracts 715,500.00 

BSnMATB  OF  FUNDS  BY  THE  MISSISSIPPI  RIVF.R  COMMISSION    FOR  THE  FISCAL  YEAR 

ENWNG  jt;ne  30,  1893. 

For  improving  Mississippi  River  from  Head  of  the  Pawses  to  the  month  of 
the  Ohio  River,  including  salaries,  clerical,  office,  traveling,  and  mis- 
cellaneons  expenses  of  the  Missi88ip]ii  River  (Vmnni.ssiou  ;  for  the  bnihl- 
ing  of  levees;  and  for  surveys  from  the  Head  of  the  PaRses  tuthe  head- 

traters $6,000,000 

For  work  at  harbor  of — 

Memphis 25,000 

Greenville *...         350,000 

VickBhurg 175,000 

Natchez 350,000 

Re<l  and  Atchafalaya  rivers 350,  (XX) 

New  Orleans , 200,000 

S^OTE. — Tlie  Commission  take  the  liberty  to  reooiniaeiid  that  hereafter 
•  appropriation  for  the  expenses*  of  tlie  ('onnnission  and  the  work  of 
veys  and  observations  shall  be  included  in  the  appropriation  for  the 
provemeut  of  the  river,  as  was  done  in  the  a<!t  of  September  19, 189(). 
has  occun'ed  twicje  heretofore  that  money  has  been  appropriated  to 
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be  expended  according  to  tlie  plans  and  recommendations  of  the  Com- 
mission without  any  appropriation  for  its  expenses.  As  the  law  ex- 
pressly prohibits  the  creation  of  any  liability  against  the  Government 
for  the  payment  of  which  no  aA>ropriation  exists,  the  proper  supervi- 
sion and  inspection  of  the -works  by  the  Commission  becomes  in  such  a 
case  impracticable. 

C.  B.  COMSTOCK, 

Col.  of  Engineers^  and  Bvt.  Brig.  Gen,^ 
Fresident  Mistnssippi  River  Commission. 

Chas.  E.  Suter, 
Lieut  Col.  of  Engineers,  U.  S.  A. 
B.  M.  Harrod. 
Robert  S.  Taylor. 
O.  H.  Ernst, 
Major  of  Engineers,  Colonel  U,  8.  A. 
Henry  Flad. 
Henry  L.  Whiting, 
Asst.  Coast  and  Geodetic  Survey. 


UST  OF  APPENDICES  ACCOMPANYINa  THE  FOREGOING  REPORT. 

Page. 

Appendix  A. — Report  by  Lieutenant-Colonol  Suter  upon  investigation  of  dis- 
charge meafiuremeutH,  Mississippi  River 3417 

B. — ^Paper  by  Lieutenant-Colonel  Suter,  on  effects  of  crevasses  upon 

o^auge  readings  below  Red  River,  high  water,  1890 3444 

C. — ^Report  of  thq  secretary  of  the  Commission 3446 

1.  Paper  by  Captain  PowelL  on  depression  of  flood  line, 

1890,  below  Red  River,  nrom  crevasses 3463 

2.  Paper  by  Captain  Powell,  on  effects  of  outlets  on  the 

bed  of  the  river  below  them.' ^ 3465 

8.  Instrnctions  for  field  work  of  triangulation,  precise  lev- 
els, topography  and  hydrography 3474 

4.  Report  by  Assistant  Engineer  Ockerson,  on  profile  of  Mis- 
sissippi River,  Cairo  to  Donaldsonville 3486 

6.  Tabulated  results  of  discharge  measurements,  Missis- 
sippi, Old,  and  Atchafalaya  rivers,  1887-1889 .*....     3487 

6.  Tabulated  results  of  discharge  measurements,  Missis- 
sippi and  Atchafalaya  rivers,  and  Bayou  La  Fourche, 
1890 3526 

7.  High- water  marks,  1890,  Cairo-Carrollton 3547 

8.  High-water  marks,  1891,  Cairo-CarroUton 3551 

9.  Highest  and  lowest  gauge  readings,  Mississippi  River  and 

tributaries  (revised) 3555 

10.  Report  of  Assistant  Engineer  Ockerson  on  changes  in  the 

bed  of  Misnissippl  River  near  the  Head  of  tlie  Passes. . .     3575 
D. — Report  of  Captain    Roessler   on  operations  in  the  first  and 

second  districts 3580 

1.  Report  of  Assistant  Engineer  Nolty  on  work  at  Plum 

Point  Reach 3595 

2.  Paper  by  Assistant  Engineer  Nolty  on  details  of  bank 

])rott'ction,  Plum  Point  Reach  . . .' 3601 

3.  Paper  by  Assistant  Engineer  Nolty,  on  details  of  pile 

dikes,  Plum  Point  Reach 3606 

4.  Report  of  Assistant  Engineer  Rees,  on  Proposed  System 

of  Levees,  St.  Francis  Parent 3610 

5.  Report  of  Assistant   Engineer  Rees,  on   levee   survey, 

White  River  Front 3612 

£. — Report  of  Captain  Townsend  on  operations  in  the  third  dis- 

trict 3627 

1.  Report  of  Surveyor  Richards  on  "Surveys  and  observa- 

tions," third  district 3658 

2.  Report  of  Assistant  Engineer  Hoopes,  on  discharge  ob- 

servations at  Arkansas  City 3660 


APPENDIX  ZZ REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.      3417 

Appendix  E. — ^Report  of  Captain  Townsend,  etc. — Continued. 

3.  Estimate  of  Chief  Engineer  H.  B.  Richardson  for  levee 

construction,  Louisiana  line  to  Warren  ton 9662 

4.  Report  of  Captain  Rossell  to  the  president  of  the  Com- 

mission upon  a  line  to  connect  Arkansas  River  and 

Mississippi  River  levees 3663 

F. — ^RexK>rt  of  Lieutenant  Millis  upon  operations  in  the  fourth  dis- 
trict      3665 

1.  Report  of  Lieutenant  Millis  on  survey  in  the  vicinity  of 

Natchez  and  Vidalia 8716 

UL8T  OF  PLATES  ACCOMPAKYIKO  THE  FOREOOING  REPORT. 

Gauge  relations  and  discharge  curves.  Appendix  A,  Plates  1  to  16. 

'Profiles  of  Missisaippi  River,  Appendix  C,  Plates  1  to  5. 

Permanent  survey  marks.  Appendix  C,  Plate  6. 

Changes  in  depth  of  Head  or  Passes,  1880-^,  Appendix  C,  Plate  10. 

Hopeheld  Bend  and  Memphis  Harbor,  Greneral  Map,  Appendix  D,  Plate  1. 

Hopefield  Bend,  condition  of  revetment,  June,  1891,  Appendix  D,  Plate  2. 

Memphis  Harbor,  upper  end,  Survey  of  July,  1890,  Appendix  D,  Plate  3. 

Memphis}  Harbor,  upper  end,  Survey  of  April,  1891,  Appendix  D,  Plate  4. 

'Georgetown  Bend  and  Ashbrook  Neck,  May,  1891,  Appendix  £,  Plate  1. 

'Bachelors  Bend  and  Greenville,  May^  1891,  Appendix  £,  Plate  2. 

'Survey  of  Greenville  Bends,  Appendix  E,  Plate  3. 

'Profile  of  leveto  in  Mississippi,  Appendix  E,  Plate  4. 

'Profile  of  levees  in  Arkansas,  Appendix  £,  Plate  5. 

Map  of  area  overflowed  in  1891,  Appendix  E,  Plate  6. 

Proposed  changes  in  levee  sections,  Appendix  E,  Plate  7. 

Levees,  Lower  Mississippi  District,  United  States  enlargements,  Appendix  E, 
Plate  8. 

Location  of  levees,  Arkansas  and  Louisiana,  Third  District,  built  by  the  United 
States,  189(>-'91,  Appendix  E,  Plate  9. 

'General  Map  of  Fourth  District,  Appendix  F,  Plate  1. 

'Month  of  Red  and  ^tchafalaya.  Appendix  F,  Plate  2. 

'New  Orleans  Harbor,  general  map.  Appendix,  F,  Plate  3. 

'New  Orleans  Harbor,  Carrollton  Bend,  Appendix  F,  Plate  4. 

Tripod  in  Ames  Crevasse,  Appendix  F,  Plate  5. 


Appendix  A. 

RXPORT  OF  LIEUTENANT-COLONEL  CHARLES  R.  8UTER,   CORPS  OF  ENGINEERS,  UPON 
IKYKSnaATION  OF  DISCHARGE  MEASUREMENTS,   MISSISSIPPI  RIVER. 

St.  Louis,  Mo.,  Auffusi  S,  1888, 

General:  Shortly  after  the  organization  of  the  Commission  I  was  requested  by  the 
Committee  on  Levees  and  Outlets  to  undertake  the  study  of  the  various  discharge 
meaeurements  which  were  then  or  would  soon  be  available,  with  the  object  of  deter- 
mining, if  possible^  the  variation  of  discharge  with  gau^e  height.  The  great  impor- 
tance of  thiB  question  was  very  generally  recognized,  as  it  was  expected  that  it  would 
afford  the  means  of  determining  the  heights  to  which  great  floods  would  attain  when 
eonteed  between  levees. 

8o  Ikr  I  am  sorry  to  say  these  expectations  have  proved  delusive ;  the  problem  in- 
stead of  being  a  simple  one  has  turned  out  to  be  one  of  ^eat  difficulty  and  com- 
plexity, and  1  am  not  as  yet  able  to  present  to  the  Commission  anything  like  a  defi- 
nite solation  of  it.   Still,  enough  has  been  accomplished  to  a  t  least  clear  up  the  ground, 
fhile  incidentally  facts  have  been  brought  to  light  to  which  I  think  much  impor- 
anee  attaches,    it  is  to  some  of  these  that  I  mainly  wish  now  to  call  attention,  but 
3fore  doing  so  an  explanation  of  the  methods  used  and  the  results  obtained  in  the 
iacfaarge  curve  investigation  will  be  necessary.    I  shall  endeavor  to  be  as  brief  as 
tossible. 

At  the  time  this  study  was  oonunenced  there  was  available  the  series  of  discharge 
neaanrements  made  by  the  Delta  Survey  at  Columbus,  Ky.,  and  Vicksburg,  Miss.,  in 
:858,  and  at  Carrollton,  La.,  in  1851.  Also  the  measuroments  made  under  the  direc- 
ion  of  the  En^neer  Department  in  1879  on  the  Mississippi  at  Columbus  and  Mem- 
hiBy  on  Red  Siver  at  Alexandria,  on  Arkansas  River  at  Pine  Bluff,  on  White  River 

*Not  printed. 
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at  Clarendon,  and  on  the  Miswonri  River  at  St.  diaries  and  Sioux  City.  In  1879-^80 
nieaHureuient«  on  the  Lower  MisniKsippi  were  made  under  the  direction  of  the  Com- 
miHMion  at  Fnlton,  Tenn.,  and  CarroUton,  La.  The  next  year,  viz,  1880-^81,  meiisnre- 
nieut-s  were  made  on  the  Upper  MissiHMippi  at  Prescott,  Winona,  Clayton,  Hannibal, 
Grafton,  and  St.  Louis. 

In  1881-'82  the  parties  were  again  on  the  Lower  Mississippi,  and  a  series  of  measure- 
meut«  were  made  at  Columbus,  Helena,  Hays  Landing,  Ked  River  Landing,  and  at 
Padncah  on  the  Ohio  River.  In  1882-'^  a  series  was  measured  at  CarroUton.  Fi- 
nally, in  1884r-'85^new  series  was  obtained  at  Point  Pleasant,  Helena,  Arkansas  City, 
Warrentou,  Red  Kiver  Landing  and  CarroUton.  Besides  these  full  series  numerous 
isolated  measurements  have  been  ma<le  at  various  places,  though  these  are  of  but 
little  value  in  a  study  of  this  character. 

The  idea  of  a  gauge-discharge  relation,  or,  as  it  is  generally  termed  a  discharge 
curve,  is  simple  enough.  If  the  measured  values  of  discharge  be  plotted  on  any  con- 
venient scale  as  abscissas,  while  the  corresponding  gauge  readings  are  plotted  as  or- 
diuates,  a  series  of  points  are-  obtained  through  which  a  mean  curve  can  be  passed 
by  well-known  metnods,  which  will  ex])res8  approximately  the  relation  in  question. 
This  curve,  so  far  as  I  am  aware,  has  generally  been  taken  to  be  a  plain  parabola, 
but  my  experience  shows  that  it  is  generally  a  curve  of  a  higher  power.     ' 

Carrying  out  the  method  above  described,  provisional  curves  were  soon  obtained 
for  all  the  points  at  which  measurements  were  made  from  1879  to  1882,  and  as  far  as 
the  tributary  streams  are  concerned  I  do  not  now  apprehend  that  any  ^reat  change 
in  these  curves  will  be  found  necessary,  but  when  the  1882  observations  became 
available  it  was  at  once  seen  that  the  discrepancies  in  the  Mississippi  curves  were 
too  great  to  be  admissible  and  the  whole  subject  was  taken  up  anew.  It  was  finally 
decided  that,  on  the  whole,  the  Fulton  series  of  observations  was  the  best,  they  having 
been  made  with  great  care  under  very  favorable  conditions,  and  being  better  bal- 
anced tlian  any  other  series,  while  at  the  same  time  the  range  on  the  gauge  waa 
large,  reaching  from  a  very  low  stage  to  the  beginning  of  overflow.  It  w£w  argued 
that  if  a  curve  could  be  found  here  it  would  answer  tlie  purpose  of  a  standard  by 
which  the  irregularities  noted  elsewhere  could  be  eliminated  or  properly  valued. 
The  only  objection  to  these  observations  was  due  to  the  fact  that  at  the  high  stages 
a  heavy  fill,  now  known  to  have  been  temporary,  took  place  in  the  discharge  section 
and  ilestroyed  the  regularity  of  the  observations.  It  wjis  finally  decided  to  transfer 
the  moiisured  values  to  Memphis,  plotting  them  to  the  readings  on  the  Memphis 
gauge,  which  occurred  three-fourths  of  a  day  later.  When  this  was  done  the  irregu- 
larities disappeared  and  the  curve,  was  duly  computed.  (See  Plate  No.  1.)  iSiis 
Memphis  curve  is  taken  as  the  standard  curve  for,  as  will  be  shown  fartJier  on,  it 
not  only  ex_pre8se8  the  relation  of  gauge  to  discharge  at  this  special  locality,  but 
when  equivalent  values  in  terms  of  gauges  at  other  localities  are  substituted  for  the 
Memphis  gauge  heights  here  used,  it  expresses  this  relation  equally  well  for  such 
other  localities.* 

Premising  that  the  curve  thus  obtained  was  found  to  agree  very  well  with  the 
Memphis  discharge  observations  of  1879,  1  will  now  describe  the  method  by  which  it 
wjis  transferred  to  other  points. 

If  the  assumption  be  correct  that  a  definite  relation  exists  between  gAuge  and  dis- 
charge, then  it  follows  that  for  equal  discharges  any  two  gauges  should  bear  to  each 
other  some  equally  definite  relation.  Such  is  found  to  be  the  case,  and  a  study  of 
these  gauge  relations  has  been  very  instructive  and  fniitful  of  result^).  To  detenniue 
them  an  ordinary  sheet  of  cross-section  paper  is  taken  and  marked  on  the  lower  and 
left-hand  edges  with  the  scaler  of  the  two  gauges  to  be  compared.  Then,  if  the  read- 
ings of  the  two  gauges  be  plotted  as  ordinates  and  abscissas  respectively,  the  result- 
ant points  when  connected  bva  line  will  express  the  relation  between  the  two  gauges, 
or,  as  I  have  termed  it,  simply  the  gauge  relation.  But  as  the  object  of  the  investiga- 
tion is  to  show  the  eifect  on  the  lower  gauge  of  the  same  discharge  which  has  acted 
on  the  up])er  one,  it  is  evident  that  a  time  interval  must  be  allowed  between  the 
readings  at  the  two  gauges.  From  n.  very  careful  study  of  the  hydrographs,  and  from 
a  comparison  of  all  the  series  of  simnltaneous  discharge  measurements  which  have 
been  made,  it  appears  that  for  all  portions  of  the  stream  as  far  down  as  Red  River  the 
rate  of  travel  of  discharge  is  about  75  miles  in  24  hours  at  all  stages  of  the  river  ex- 
cept dead  low  water  and  general  overflow. 

This  statement,  in  view  of  the  well-known  variations,  of  velocity,  seems  paradox- 
ical in  the  extreme,  and  1  do  not  attempt  to  explain  it.  I  simply  state  it  as  a  iiict 
borne  out  by  all  the  evidence  in  our  possession,  and  apparently  correct  to  within 
the  limits  of  eiTor  of  the  observations  themselves.  Therefore,  in  taking  the  readings 
of  the  lower  gauge  a  time  interval  on  this  basis  must  be  allowed,  interpolated  read- 
ings being  used  when  the  distance  between  the  gauges  varies  from  an  even  multiple 
of  75  miles. 

When  the  records  of  two  gauges  between  which  no  tributary  enters  are  plotted  in 
this  way  the  points  fall  approximately  on  a  straight  line,  the  more  careiiil  the  gauge 
readings  the  closer  the  agreement,  and  this  straight  line  expresses  the  relation  be. 
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tween  the  gauges.  l>eing  more  ot  less  inclined  in  the  ratio  of  tlieir  relative  oscilla- 
tioQs.  When  a  tributary  intervenes  between  the  gauges  the  points  will  not  fall  on 
a  straight  line  as  before,  as  the  values  of  the  lower  gange  are  relatively  larger  by  the 
Tarying  volomee  of  the  tributary.  In  this  case  the  line  of  equal  volumes  or  zero  in- . 
cremeiit  can  only  be  determined  when  the  values  of  discharge  above  and  below  the 
tribatary  and  the  discharge  curve  for  one  of  the  points  are  known.  The  method 
will  be  explamed  further  on  in  discussing  the  data  of  1884-^85,  which  first  rendered 
these  determinations  possible. 

Having  the  gauge  relations  determined  it  is  an  easy  matter  to  transfer  the  stand- 
ard enrve  to  any  point,  graphically,  by  plotting  the  values  of  discharge  for  even 
feet  on  the  one  gauge  to  the  equivalent  readings  on  the  other,  or  by  substituting  in 
the  equation  of  the  curve  the  value  of  one  gauge  expressed  in  terms  of  the  otuer. 
In  this  manner  the  standard  curve  has  been  transferred  from  point  to  point  and  com- 

Eired  with  aU  series  of  dischar^  measurements  which  have  ever  been  made  on  the 
ississippi  Siver.  An  extended  study  of  the  gauge  relations  has  shown  that  they 
are,  as  a  rale,  constant  only  in  their  inclination.  Their  absolute  position  frequently 
varies  from  year  to  year,  and  may  in  fact  d6  so  several  times  in  the  same  season. 
Where  discharge  measurements  of  different  years  have  been  compared  the  same  dis- 
f lepaneies  are  noted  as  shown  by  the  gauge  relations  and  in  the  same  direction ; 
that  is,  the  discharge  curve  of  one  year  may  not  answer  for  another  year  unless  it« 
position  he  more  or  less  shifted  up  or  down.  The  data  afforded  by  the  gauge  rela- 
tions, although  not  so  definite  as  those  of  discharge  measurements,  are  oi  course 
much  more  extensive. 

It  has  further  been  noted  that  in  a  series  of  discharge  measurements,  no  matter  how 
apparently  scattered  they  may  be,  it  is  always  possible  to  group  them  about  a  series 
of  curves  or  trends  which  are  parallel  to  the  standard  curve  and  either  above  or  be- 
low it.  All  these  phenomena  are  sueh  as  might  be  expected  were  the  whole  river 
bodily  raised  or  depressed  so  as  to  change  its  plane  of  flow,  the  gauge  remaining 
fixed  in  position.  I  have,  therefore,  for  convenience  designated  the  whole  class  of 
phenouienA  as  ''  Changes  of  plane.''  Now,  as  these  changes  of  plane  from  year  to 
year  and  even  during  a  single  season  amount  often  to  several  feet,  that  is  to  say,  the 
zero  of  the  discharge  curve  is  raised  or  lowered  by  such  amounts,  a  moment's  reflec- 
tion will  show  the  nopelessness  of  determiiting  discharge  from  gauge  readings,  un- 
less some  method  is  devised  by  which  these  changes  of  plane  may  be  determined  and 
flowed  for.  Further  study  and  continued  observation  may  enable  this  to  be  done, 
and  it  is  well  worth  the  effoirt.  Meanwhile  such  general  points  as  have  been  noted 
will  be  stated. 

Setting  aside  the  small  changes  which  occur  during  the  period  of  low  water,  and 
whieh  are  undoubtedly  due  to  the  action  of  bars,  it  appears  that  all  the  principal 
changes  of  plane  occur  at  the  mouths  of  the  tributaries.  The  observations  of 
1884-^^  show  also  that/  at  least  from  Helena  down,  these  changes  wherever  or  how- 
ever inaugurated  are  transmitted  downstream  from  point  to  point  according  to  the 
'relation  of  the  gauges.  They  are  also  cumulative,  that  is.  to  a  change  of  plane 
starting  at  Helena  may  \}e  added  another  at  the  mouth  of  Wnite  River,  with  further 
additions  at  the  Yazoo  and  Red  rivers,  the  final  change  of  plane  at  Carrolltou  being 
the  equivalent  of  the  sum  of  the  whole.  I  have  very  little  doubt  that  these  changes 
of  plane  may  start  at  or  near  Cairo,  but  the  breaks  in  the  Point  Pleasant  series  of 
18^l-'85  have  rendered  it -as  yet  impossible  to  decide  this  question  definitely. 
Another  striking  feature  of  these  changes  of  plane  is  the  length  of  time  that  they 
sometinyBS  endure.  As  will  be  shown  in  some  of  the  examples  now  laid  before  the 
Commission,  their  effect  may  last  nearly  a  year,  or  nearly  from  one  low  water  to  an- 
other. 

I  will  now  call  the  attention  of  the  Commission  to  certain  plates  which  accom- 
pany this  paper,  and  which  afford  the  data  for  comparing  the  standard  discharge 
curve  with  all  recorded  series  of  discharge  measurements  on  the  Lower  Mississippi.  . 
The  curve  itself,  with  the  observations  from  which  it  was  computed,  is  shown  on 
Plate  1. 
Plate  2  gives  the  gauge  relations  of  1879  between  Columbus-Point  Pleasant,  Colnm- 
ns-Memphis,  Point  Pleasant-Fulton,  Fultou-Memphis,  and  Memphis-Helena.    Also 
le  Columbus  and  Memphis  hydrographs  and  the  discharge  measurements  at  those 
tations  plotted  to  time. 

Plates  3  and  4  give  the  variations  to  time  of  the  1884-'85  discharge  data.  For  the 
iir  lines  drawn  through  the  observed  values  of  discharge  to  give  the  probable  trne 
iquence,  values  deduced  from  the  curves  of  this  year,  shown  on  Plates  9  and  11, 
ive  been  used. 

Plate  5  gives  the  actual  and  equivalent  gange  relations  in  1884-'85  between  Helena- 
rkansas  City,  Arkansas  City-Vicksburg,  Arkansas  City-Red  River  Landing,  and 
;ed  River  Landin^-Caaollton.  The  equivalent  gauge  relations  are  the  relations 
r  equal  volumes,  in  which  the  effects  of  tributary  increment  are  eliminated.  As  an 
ample  of  the  method  by  which  they  are  obtained  the  Heleua-Arkausas  City  rela- 


3420      REPORT   OF   THE    CHIEF    OF    ENGINEERS,  U.  S.  ARBfY. 

tion  may  be  referred  to.  To  obtain  it  we  take  the  observed  values  of  discharge  at 
Arkansas  City,  and  obtain  from  the  curves  holding  at  that  time  at  Helena  the  gauge 
heights  which  correspond  to  these  values.  These  gauge  heights,  plotted  to  the 
observed  Arkansas  City  gauge  heights,  give  the  line  of  equal  volumes  or  zero  incre- 
ment. It  will  be  noted  that  several  well-marked  lines  are  indicated,  these  indicate 
changes  of  plane  at  Arkansas  City  not  occurring  at  Helena,  and  are  in  the  main 
due  apparently  to  the  effect  of  Arkansas  and  White  rivers. 

Plate  6  gives  for  1884-'85  the  hydrographs  at  the  various  observation  stations. 

Plate  7  gives  the  Columbus  and  Memphis  discharge  observations  of  1879,  and 
the  Point  Pleasant  and  Columbus  observations  ofl884-'85.  These  observations  are 
all  plotted  to  gau^e,  and  on  the  diagrams  are  shown  the  various  probable  positions 
of  the  standara  curve. 

Plate  8  shows,  plotted  to  gauge,  the  Columbus  discharge  observations  of  1858  and 
1882 ;  also  the  various  probable  positions  of  the  standara  curve. 

Plate  9  gives  the  discharge  observations  at  Helena  in  1882  and  1884-^85,  and  also 
those  at  Arkansas  City  in  1884-^85.  The  positions  of  the  standard  curve  are  also 
shown.  On  the  1884-'85  Helena  diagram  these  positions  are  assumed  arbitrarily  to 
fit  what  appear  to  be  the  principal  cnanges  of  plane,  but,  from  this  point  down,  are 
transferred  by  the  lines  of  equivalent  gauge  relation  for  the  year.  The  supposed 
variation  of  discharge,  while  passing  from  one  |)lane  to  another,  is  indicated  oy  the 
oblique  lines  on  the  diagrams.  The  numbers  give  the  numerical  sequence  of  the 
discharge  observations,  and  such  corrections  as  are  needed  to  make  the  observations 
fall  on  the  assumed  curves  are  indicated.    As  will  be  seen,  they  are  small  in  amount. 

Plate  10  gives  similar  information  for  Vicksburg  in  1858  ana  1884-^85,  these  latter 
observations  being  transferred  up  from  Red  River  Landing. 

Plate  11  gives  similar  information  for  Red  River  Landing  in  1882  and  1884-'85. 

Plate  12  gives  similar  information  for  Carrollton  in  1851,  1880,  1883,  and  1884-'85. 

I  think  that  an  inspection  of  these  plates  will  justify  the  assertion  already  made 
that  the  computed,  standard  discharge  curve  gives  the  relation  between  gauge  and 
discharge  with  sufScient  accuracy.  They  also  indicate  the  difi^culties  which  beset 
the  practical  use  of  the  curve  obtained  owing  to  changes  of  plane,  and  the  main  fact 
already  alluded  to  that  these  changes  of  plane,  to  whatever  cause  due,  are  transmitted 
from  point  to  point  downstream.  As  the  description  of  the  methods  used  in  making 
transfers,  etc.,  has  been  necessarily  a  brief  one,  I  append  to  this  paper  a  full  descrip- 
tion and  analysis  of  the  process  as  applied  to  the  1884-'85  data  from  Helena  to 
Carrollton,  prepared  by  my  assistant,  Mr.  Jas.  A.  Seddon,  C.  E.,  who  has  been  asso- 
ciated with  me  in  this  work. 

I  will  now  pass  to  the  main  subject  of  this  paper,  viz :  The  effect  of  Red  River-in 
enhancing  flood  heights  on  the  Lower  River. 

It  ha>s  been  already  stated  in  this  paper  that  changes  of  plane  occur  mainly  at  the 
mouths  of  tributaries.  This  is  most  markedly  the  case  at  the  mouth  of  the  Red 
River  and  attracted  attention  at  an  early  stage  of  these  investigations.  No  explana- 
tion suggested  itself,  however,  until  the  data,  for  1884-'85  were  under  investigation. 
In  December  and  January  of  1884-'85  a  very  abrupt  change  of  plane  took  place,  as 
shown  on  both  the  ^auge  relation  and  the  discharge  curve,  and  this  change  was 
found  to  coincide  with  a  considerable  rise  in  Red  River,  the  Mississippi  being  at 
quite  a  low  stage.  Tliis  change  of  plaue  or  elevation  of  the  zero  of  tne  discharge 
carve  amounted  to  5.8  feet,  and  inspection  of  Plate  8  will  show  that  this  elevation 
was  substantially  retained  throughout  the  season,  and  on  it  were  superposed  the 
chsinges  of  plane  amounting  to  3.35  feet  more  which  were  transmitted  down  from 
llc'loua  and  Arkansas  City.  The  gauge  relation  with  Vicksburg  shows  that  itTwas 
not  eliminated  until  the  low  water  of  1885  had  fairly  set  in  so  that  it  lasted  through 
a  period  of  about  8  months.  As  this  case  suggested  that  there  might  be  a  connec- 
tion between  these  changes  of  plane  and  floods  in  the  Rod  River,  an  investigation 
was  made  of  all  the  data  at  our  command.  The  discharge  data  was  too  meager  lor  the 
purpose  so  the  gauge  records  were  used  instead.  As  already  stated  in  general  terms 
the  relation  between  two  gauges  when  no  increment  intervenes  is  a  straight  line,  but 
when  an  increment  is  present  the  gauge  heights  at  the  lower  point  are  set  over  from 
the  line  of  equal  volume  or  zero  increment  by  the  amount  due  to  the  volume  of  the 
increment  plus  any  change  of  plane  which  may  occur.  In  this  case  the  relations 
Vicksbnrg-Red  River  Landing  are  used  so  as  to  eliminate  any  effexitdue  to  the  Yazoo. 
The  inclination  of  the  line  of  zero  increment  was  established  by  the  1884-^85  observa- 
tions, but  its  absolute  position  for  other  years  can  not  be  fixed  with  certainty. 

Plates  13  and  14  give  all  known  Vickslmrg-Red  River  Landing  actual  gauge  rela- 
tions from  1858  to  1888,  the  only  omission  being  the  year  1877-'78  of  which  the  gauge 
records  are  incomplete.  On  each  of  these  relations'is  shown  a  line  marked  "  stand- 
ard" which  gives  the  line  of  zero  increment  in  an  arbitrary  position,  but  one  com- 
mon to  all  the  diagrams.  A  second  line  marked  "primary  plane  of  year"  indicates 
the  probable  position  of  this  line  for  the  year  in  question.  An  inspection  of  these 
diagrams  shows  very  great  deviations  from  the  line  of  zero  increment|  deviations 
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which  must  either  indicate  enormouB  discharges  from  Red  River  or  very  great  changes 
of  plane.  Wo  can  get  from  the  Alexandria  discharge  curve  the  volume  of  Red  River 
at  that  point,  but  even  if  this  entire  volume  be  taken  as  issuing  from  Old  River  it 
will  not  begin  to  account  for  the  deviations  noted,  and  we  are  certain  that  no  such 
discharges  do  take  place  owing  to^  the  draft  made  by  the  Atchafalaya,  which  more 
than  balances  any  increment  received  from  the  Black  and  Ouachita,  which  enter  the 
Red  below  Alexandria.  We  know  moreover  from  the  two  series  of  discharge  meas- 
urements in  1881-82  and  1884-'85  t&at  there  are  great  changes  of  plane,  hence  it 
seems  legitimate  to  infer  that  the  larger  portion  of  the  deviations  noted  are  due  to 
this  cause.  A  careful  analysis  of  the  diagrams  has  also  shown  that  these  changes 
of  plane  essentially  coincide  with  rises  in  R^d  River  as  shown  by  the  Alexandria 
gauge,  and  which  in  turn  probably  always  indicate  a  discharge  from  Old  River  into 
the  Mississippi.  The  most  marked  effect  usually  accompanies  the  ftrst  decided  rise 
after  the  summer  and  fall  low  water  as  has  already  l^een  spoken  of  as  occurring  in 
December  and  January  of  1884-85.  In  that  instance  the  measured  outflow  from  Old 
River  was  70,000  cubic  feet  at  its  maximum.  This  increment  was  accompanied  by  a 
rise  in  the  zero  of  the  Red  River  discharge  curve  (see  plate  11)  amounting  to  5.8 
feet.  It  may  not  be  amiss  to  mention  here  that  an  increment  of  308,000  cubic  feet, 
at  the  mouth  of  White  River  this  same  season  was  accompanied  by  a  change  in  the 
plane  of  discharge  at  Arkansas  City  of  1.6  feet  only.  On  many  of  the  diagrams  will 
also  be  noted  a  large  change  of  plane  or  increment  effect  occurring  at  or  near  the 
highest  stage.  This  was  very  marked  in  1874  and  again  in  1882.  In  the  former  year 
we  have  no  definite  information  as  to  the  volnme  of  water  which  entered  the  Missis- 
sippi from  Red  River,  but  the  Red  River  Landing  gauge  rose  9.2  feet  while  the  Vicks- 
bnrg  gauge  rose  but  3  feet.  The  rise  at  Red  River  JLan£ng  corresponding  to  the  V  icks- 
burg  rise  should  have  been  2.3  feet,  leaving  6.9  feet  rise,  at  a  stage  above  38  feet,  due 
to  increment  from  Red  River  or  change  of  plane,  or  both  combined.  In  1882  we  find 
a  similar  rise  above  the  40-foot  stage  amounting  at  Red  River  Landing  to  6.6  feet 
while  at  Vicksburg  the  rise  was  only  1.8  feet.  This  should  have  caused  a  rise  at  Red 
River  Landing  of  1.4  feet,  a  difference  of  5.2  feet  due  to  the  Red  River  increment 
and  to  change  of  plane.  During  this  year  the  discharges  at  Red  River  Landing  were 
measured,  and  an  examination  of  the  diagram  (plate  11)  shows  that  during  the  pe- 
riod considered  a  change  of  plane  took  place  amounting  to  not  less  than  2.8  feet.  It 
seems  therefore  safe  to  infer  that  in  1874  the  change  of  plane  was  at  least  as  great, 
if  not  greater.  Besides  these  large  changes  of  plane  many  minor  ones  occur,  but 
all  show  the  same  feature  of  persistent  and  cumulative  effect,  so  that  the  aggregate 
in  some  years  is  enormous. 

That  these  changes  of  plane  are  not  due  to  effects  produced  by  the  Mississippi 
independent  of  Red  River  is  not  so  susceptible  of  proof,  but  the  year  1886-'87  rar- 
nishes  some  evidence  in  that  diro<'tion.  In  that  year  Red  River  was  very  low  for 
an  nnnsually  long  period.  As  will  be  noted  on  the  diagram  for  that  year  the  Missis- 
sippi at  Red  River  Landing  rose  to  an  elevation  of  32  feet  on  the  gauge  with  a  devi- 
ation from  the  primary  plane  of  the  year  of  less  than  2  feet.  Then  came  a  rise  in 
Red  River  followed  by  a  decided  chfmge  of  plane  in  the  Mississippi  at  Red  River 
Landing.  In  the  succeeding  year  we  have  an  inflow  from  Red  River  occurring  in 
December^  at  a  time  when  the  Mississippi  was  at  a  very  low  stage,  6  feet  on  the  Red 
River  Landing  ^uge.  This  inflow  was  accompanied  by  a  change  of  plane  of  between 
3  and  4  feet  wnich  persisted  throughout  the  season.  That  tho^e  so-called  changes 
of  plane  are  genuine  loctd  engorgements  is  plainly  shown  b^  the  effect  at  Natchez, 
65  miles  above  Red  River.  The  gauge  relations  between  Vicksburg  and  this  place 
show  that  for  all  except  low  stages  of  water,  changes  of  plane  occur  at  Natchez  of 
the  same  character  as  those  at  Red  River  Landing,  but  less  in  amount.  They,  how- 
ever, occur  at  Natchez  on  an  average  about  2  days  later  than  at  Red  River  Landing. 
This  shows  conclusively  that  they  are  genuine  backwater  effects,  for  if  they  oc- 
curred from  local  causes  at  Natchez  they  should  appear  there  earlier  than  at  Red 
River  Landing. 

There  certamly  can  be  nothing  in  the  character  of  the  channel  below  Red  River 
to  account  for  these  phenomena  as  it  is  well  known  to  present  most  unusual  facilities 
for  discharge.  This  is  evidenced  by  the  small  slope  and  small  gauge  oscillation.  It 
is  also  veiv  strikingly  shown  by  the  rate  of  transmission  of  discharge  which,  as  be- 
fore stated,  is  75  mues  in  24  hours  for  points  above  Red  River.  Between  Red  River 
and  Carrollton  this  rate  is  192  miles  in  24  hours,  some  2^  times  as  great  as  for  points 
above.  Moreover,  these  changes  of  plane  do  not  accompany  increase  of  volume 
solely,  as  they  would  in  case  of  an. obstructed  channel,  but  only  increase  of  volume 
from  one  special  source^  viz..  Red  River.  The  conclusion  seems  therefore  inevitable 
that  in  some  way  the  discharge  from  tbis  tributary  is  not  in  harmony  with  that  of 
the  main  stream  and  by  diminishing  its  relative  mean  velocity  changes  the  ratio  of 
discharge  to  gauge  in  the  manner  noted.  This  is  the  only  explanation  which  sug- 
gests itself  to  me  to  account  for  so  singular  a  phenomenon,  as  a  matter  of  fact  the 
water  from  Red  River  seems  to  partly  nil  the  channel  as  so  much  mud  or  sand  would 
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• 
do,  and  to  remain  there^  so  that  the  water  coming  from  above  is  forced  to  climb  on 
top  of  it  in  order  to  continue  on  its  way  to  the  sea. 

The  effect  of  these  abnormal  elevations  at  Red  River  has  a  very  important  bearing 
on  the  lower  river.  The  gauge  relation  Red  River  Landing^arroUton  is  the  most 
remarkably  constant  of  any  yet  noted.  A  single  plate.  No.  15,  gives  the  relations 
for  all  years  in  which  records  have  been  kept  fiom  1861  to  1888.  The  gauge  relation 
for  equal  volumes  was  determined  in  the  manner  already  described  from  the  1884-'85 
observations,  (see  plate  5)  and  this  line  is  plotted  as  a  standard  on  all  the  yearly 
diagrams.  It  will  oe  noted  that  the  only  divergences  ef  moment  are  in  years  when 
crevasses  existed  between  the  two  stations,  giving  abnormally  low  Carroll  ton  read- 
ings while  they  were  active.  These  gauge  relations  show  the  intimate  bond  of  union 
between  the  two  ganges,  and  the  1^-85  discharge  observations  (plate  12)  show 
how  faithfully  the  Red  River  Landing  changes  of  plane  are  reproduced  at  the  lower 
station.  Therefore  if  Red  River  Landinjo:  is  abnormally  high,  Carrollton  is  oJso  ab- 
normally high  in  the  regular  ratio,  and  if  by  any  means  the  gauge  heights  at  Red 
River  Landing  could  be  reduced  then  the  Carrollton  gauge  heights  ought  to  oome 
down  in  the  same  ratio. 

In  order  to  show  more  clearly  what  these  statements  mean  some  tables  are  given. 

Table  No.  1  is  deduced  from  the  Vicksburg-Red  River  Landing  gauge  relations, 
and  gives  the  total  deviation  at  the  maximum  Red  River  Landing  stage  from  the 
standard  of  the  year  for  each  year  of  the  series,  due  to  the  influence  of  Red  River,  as 
also  the  equivalent  deviation  for  Carrollton. 

Table  No.  2  gives  for  the  same  years  the  elevations  corresponding  to  the  Vicksbnrg 
maxima  which  would  have  been  reached  at  Red  River  and  Carrollton  had  the  stand- 
ard plane  of  the  year  held  .throughout. 

Table  No.  3  gives  in  parallel  columns  the  actual  maxima  for  each  year  at  Vicks- 
bnrg, Red  River  Landing,  and  Carrollton,  together  with  the  heights  that  wonld 
have  been  reached  in  each 'case  if  all  the  levees  had  been  up  from  Vicksburg  to  Car- 
rollton ;  in  the  one  case  with  Red  River  still  entering  the  Mississippi,  in  the  other 
with  the  Red  River  shut  out  and  its  influence  eliminated. 

The  last  two  tables  depend  on  the  gauge  relations  and  the  actual  Vicksburg  max- 
ima for  the  years  indicated. 

In  all  these  tables  it  must  be  noted  that  the  total  effect  of  Red  River  is  given,  vis, 
that  due  not  only  to  change  of  plane,  but  also  t>o  regular  effect  of  increment.  Any 
attempt  to  separate  the  two  in  the  absence  of  actuiiS  measurements  would  be  a  very 
doubtful  process,  and  of  course  if  Red  River  were  excluded  both  effeote  would  be 
canceled. 

These  tables  show  in  a  general  way  that  in  every  year  noted  there  is  an  abnormal 
elevation  of  the  plane  of  now  at  extreme  stit^es  botli  at  Carrollton  and  Red  River. 
At  the  latter  place  this  abnormal  elevation  has  amounted  to  as  much  as  13  feet,  at 
the  former  place  to  5.4  feet.  They  also  show  that  if  the  levee  system  had  been  perfect 
from  Vicksbnrg  to  Carrollton,  the  actual  mean  maximum  gauge  reading  at  Red  River 
Landing  would  have  been  increased  0.43  feet,  and  at  Carrollton  1.11  feet,  while 
under  the  same  condition,  but  with  Red  River  shut  out^  the  actual  mean  maximum 
at  Red  River  Landing  would  have  been  reduced  7.29  feet,  and  at  Carrollton,  2.09 
feet.  Consequently,  with  the  levees  all  up  the  differenee  in  mean  maxima  between 
the  conditions  with  Red  River  open  anct  closed  would  amount  to  7.72  feet  at  Red 
River  Landing,  and  at  Carrollton  to  3.20  feet,  the  actual  maximum  differences  be- 
ing 13  feet  for  Red  River  and  5.4  feet  for  Carrollton. 

These  are  very  large  figures  and  their  importance  as  regards  the  levee  problem  can 
hardly  be  too  highly  estimated.  To  be  able  to  bring  down  the  flood  levels  below 
Vicksburg  to  such  an  extent,  especially  in  view  of  the  fact  that  larger  discharges 
than  ever  known  must  in  the  near  future  be  provided  for  in  that  section  of  the  river, 
would  go  a  long  way  towards  insuring  the  permanent  redemption  of  all  lower  Louis- 
iana from  overflow. 

If  the  facts  herein  cited  are  sufficient,  as  I  myself  think  they  are,  to  show  that  Red 
River,  instead  of  being  at  best  a  doubtful  friend,  is  really  a  most  treacherous  enemy, 
then  I  think  it  the  imperative  duty  of  the  Commission  to  reconsider  their  plans  for 
this  portion  of  the  river,  to  divorce  the  Red  River  jwrmaneutly  from  the  Mississippi, 
and  to  provide  at  some  point  a  canal  connection  between  the  two  streams. 
Very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Lieut,  CoL  of  Engineers , 
Member  MiaHssippi  JRiver  Commisfion, 

.  Gen.  C.  B.  Comstock, 

President  Mississippi  River  Commission* 
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Table  No.  1. 


Elevation  . 
of  nrimary 

plane  of 
year  above 

standard. 

Red  River  I^andlng 

■ 

Yew. 

Maximum  stage. 

Rise  of 

plane 

above 

primary 

elevation. 

Normal 
maximum 

gauge 

reaiding  or 

maximum 

leas  rise 

plane.  . 

Carrollton 

equivalent 

ofRwl 

Date. 

Gauge 
reading. 

39.4 
39.0 
47.0 
40.4 
45.4 
40.5 

River  Land- 
ing rise  of 
plane. 

1871-'72 

4.8 
2.0 
2.8 
2.5 
3.2 
L8 

May    5 

June    2 
Apr.  16 
May     2 
3£«y  15 
June    1 

6.7 

8.2 
13.0 

7.9 
10.2 

9.9 

32.7 
30.8 
34.0 
82.5 
85.2 
30.6 

2.8 

1872-'73 

3.4 

1873-*74 

5.4 

1874-'75 

3.2 

l«75-'76 

igre-TT 

4.2 
4.1 

Ig77_'78* 

ISi^-T* 

4.3 
to.  8 
3.5 
4.2 
5.0 
5.0 
5.9 
6.2 

5.6 

Feb.    19 
Apr.  21 
Apr.     6 
Mar.  27 
Apr.     9 
Mar.  29 
Feb.      2 
Mav    29 
^Apr.     5 

35.9 
44.0 
40.1 
48.5 
45.2 
47.3 
4L9 
41.9 
42.9 
43.0 
4L7 

3.8 
tl2.8 
7.3 
10.1 
9.0 
7.5 
5.9 
5.8 

5.7 

4.7 

32.1 
t3L2 
32.8 
38.4 
36.2 
39.8 
36.0 
36.1 

37.3 

37.0 

L6 

187^*80 

t5.3 

18A%-'81 

3.0 

188l-'82 

4.2 

1882-83 

3.7 

1883-*84 

3.1 

1884-'85 

2.4 

188.V'86 

2.4 

lB8ft-*87 

2.3 

1887  '88 

5.6  1   Aiir.    30 

L9 

X 

*  Gauge  reading*  at  Re<l  River  Landing  misHing. 

f  The  primary  plane  of  this  vear  is  thought  to  be  too  low,  and  hence  all  de<luced  values  anreliable, 
probably  from  error  in  the  VicKsburg  gauge  records,  which  are  very  incomplet«. 

t  By  this  date  the  Vicksborg  gauge  hM  fallen  considerably  and  the  plane  would  show  abnormally 
high 'from  incrementb 


Table  No.  2. 


Year. 

Yioksburg 
maximum 

reMling. 

Red  River 

Landing 

equivalent 

on  primary 

plane  of 

year. 

Actual 
maximum 
gauge  read- 
ing nt  Red 

River 
Landing. 

Actual 

Red  River 

I>anding 

gauge 

arjovo 
equivalent 

gauge. 

Carrollton 
equivalent 

gauge  for 
Red  River 

Landing 
equivalent 

Actual 
maximum 

gauge 
re^tdiiig  at 
Carrollton. 

Actual 
Cam)llton 

gauge 

above 
equivalent 

gauge. 

1871-72 

39.5 
40.6 
45.7 
43.0 
44.9 
4L6 
40.9 
39.4 
43.1 
41.8 
48.7 
43.8 
49.0 
42.4 
44.1 
44.7 
44.2 

32.7 
80.8 
35.5 
33.1 
85.3 
3L8 

39.4 
39.0 
47.0 
40.4 
45.4 
40.5 

6.7 

8.2 
11.5 

7.3 
10.1 

9.2 

10.3 
9.6 
11.5 
10.5 
U.4 
9.8 

12.3 
12.9 
16.9 
11.3 
12.7 
11.1 
11.3 
10.8 
14.2 
12.5 
14.9 
15.4 
16.6 
13.5 
13.8 
14,  5 
14.3 

2.0 

1872-*73 

3.3 

1873-'74 

4.4 

1874-75 

187.V76 

0.8 
1.3 

1876-'77 

1.3 

l«77-*78* 

187*-'79 

82.1 
3L5 
33.2 
39.2 
86.2 
40.2 
86.0 
37.7 
37.5 
37.1 
1 

35.9 
44.0 
40.1 
48.5 
45.2 
47.8 
4L9 
41.9 
43.0 
41.7 

3.8 
12.5 
6.9 
9.3 
9.0 
7.1 
6.9 
4.2 
5.5 
.     4.6 

10.1 
9.9 
10.5 
13.0 
11.8 
13.4 
11.7 
12.4 
12.3 
12.1 

0.7 

lS79-'80 

4.3 

18Sa-'81 

1881-82 

2.0 
1.9 

1882-^83 :. 

3.6 

1883-'84 

2.2 

1884-'85 

1885-'86 

L8 
1.4 

188a-'87 

2.2 

1887-88 

2.2 

*Bed  RiTer  Landing  gauge  readings  missing. 


3424      REPORT   OP   THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMY. 


Table  No.  8. 


Yioksbarg 

maximum 

gauge 

reading. 

Bed  Biver  Landing  mazlmnm  gauge. 

Carrollton  maximum  gauge. 

Ta«r. 

Actual 
reading. 

Bednoed  rendine  for 

levees  ooniplete  &om 

Yicksburg. 

Actual 
reading. 

Oeduced  reading  for 

lerees  complete  nom 

VioksDurg. 

Bed  Biver 
open. 

Bed  Biyer 
doeed. 

Bed  Biver 
oi>en. 

Bed  Biver 
oloaed. 

1871-72 

1872-*73 

1873-74 

1874-75 

1875-76 

1876-'77 

1877-78 

89.5 
40.6 
45.7 
43.0 
44.9 
41.6 

•40.9 
39.4 

•43.1 
41.8 
48.7 
43.8 
49.0 
42.4 
44.1 
44.7 
44.2 

» 

89.4 
89.0 
47.0 
40.4 
45.4 
40.5 

39.4 
89.0 
48.5 
41.0 
45.5 
41.2 

32.7 
30.8 
35.5 
83.1 
35.8 
31.3 

12.8 
12.9 
15.9 
11.8 
12.7 
11.1 

•11.3 
10.8 

•14.2 
12.6 
14.9, 
15.4 
15.6 
13.5 
13.8 
14.5 
14.3 

18.1 
12.9 
16.9 
13.8 
15.6 
18.9 

10.8 
9.6 
11.5 
10.5 
11.4 
9.8 

187ft-'79 

1879-'80 

1880-'81 

1881-'82 

1882-'83 

1883-'84 

1884-'86 

1885-'86 

1886-'87 

1887-'88 

35.9 
•44.0 
40.1 
48.5 
45.2 
47.3 
41.9 
41.9 
43.0 
41.7 

35.9 
•44.3 
40.5 
49.3 
45.2 
47.7 
41.9 
43.6 
43.2 
41.8 

82.1 
•31.5 
33.2 
39.2 
36.2 
40.2 
36.0 
37.7 
37.5 
37.1 

1L7 
•15.1 
13.6 
17.2 
15.5 
16.5 
14.1 
14.8 
14.7 
14.1 

10.1 
•9.9 
10.5 
13.0 
11.8 
13.4 
U.7 
12.4 
12.8 
12.1 

Rmn 

653.4 
48.56 

637.2 
42.48 

643.6 
42.91 

627.9 
35.19 

201.5 
13.45 

218.4 
14.56 

170.4 

Mean 

11.86 

•Value*  marked  *  are  omitted  fh»m  the  aum  and  mean  valuea  for  reaaona  noted  in  tabulation  1. 


BBPORT  OF  MB.  JAMBS  A.   6EDD0N,  ASSISTANT  ENGINEER,  UPON  THE  INVBSTIGATION 
OF  THE  MISSISSIPPI  BIVER  DISCHARGE  DATA  OF   1884~'85. 

St.  Louis,  Mo.,  JuUf  SI,  1838. 

Colonel:  I  have  the  honor  to  make  the  followiug  report  on  the  investigation  of 
the  Mississippi  River  discharge  data  1884-^85. 

The  observations  at  Point  Pleasant  were  too  scattering  for  anything  like  a  thor- 
ough investigation,  so  that  the  study  wa^  practically  commenced  at  Helena,  with 
the  results  of  prior  investigation  assumed  as  known,  viz :  That  there  was  a  given 
normal  variation  of  discharge  to  gauge  reading  at  Helena  represented  by  a  given 
curve  when  gauge  readings  were  taken  as  ordinates  and  the  corresponding  values  of 
discharge  as  abscissas,  and  that  there  were  abnormal  periods  during  which  the  vari- 
ation of  discharge  with  gauge  passed  from  this  curve  in  one  position  on  gauge  to  the 
same  curve  shifted  to  a  position  either  higher  or  lower  on  the  gauge  scale,  so  that  a 
series  of  discharge  observations,  when  platted  to  their  accompanying  gan^e  read- 
ings, should  give  a  series  of  curves  parallel  in  the  direction  of  gauge  ana  joined  by 
irregular  lines.  ! 

Some  of  the  terms  used  in  this  report  will  be  here  defined.  The  period  in  which 
the  discharges  vary  about  on  one  of  those  curves  is  called  a  ''  normal  period,''  and 
the  curve  a  *\  normal  curve."  The  daily  values  of  discharge,  scaled  or  circulated 
from  these  curves  for  the  daily  gauge  readings,  is  called  a  '*  sequence  of  discharge," 
and  the  variation  of  4  ischarge,  where  a  change  from  one  normal  curve  to  anotner  * 
takes  place,  is  called  a  ''  change  of  plane." 

In  the  investigation  of  the  1884-'85  data  Helena  was  taken  up  first,  and  the  He- 
lena normal  curves  were  adjusted  to  their  various  planes,  so  that  when  the  sequence 
of  discharge  at  Helena  was  computed  this  sequence  would  a^ree  as  near  as  possible 
with  the  actual  discharge  observations  taken  there.  In  this  agreement  oi  the  se- 
quence with  the  observed  discharges  use  was  made  not  only  of  the  Helena  dis- 
charges, but  also  of  those  measured  at  Point  Pleasant,  with  a  8  days'  interval  allowed 
as  the  tiuie  for  a  value  of  discharge  at  Point  Pleasant  to  reach  Helena.  This  compari- 
son is  shown  on  Plate  3.  The  Helena  discharge  values  are  there  plotted  as  0,  and  the 
Point  Pleasant  as  a  ^,  and  the  fair  line  through  them  is  the  computed  8e(|^uence  of  dis- 
charge at  Helena.  The  various  planes  or  normal  curves  holding,  with  the  time 
through  which  each  oui-ve  holds,  and  the  periods  of  transition  are  shown  diagram- 
matically  at  the  top ;  also  the  nydrograph  of  the  St.  Francis  River,  the  priuoipal 
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tributary  between  Point  Pleasant  and  Helena,  is  given.  On  Plat«  9  is  shown  the 
Helena  discharge  observations  plotted  to  gange  with  the  normal  curves  of  the  period 
drawn  throngh  them.  The  direction  of  change  of  plane  is  indicated  by  arrows  on 
the  slant  lines  Joining  the  carves  and  the  principal  corrections  assumed  for  individ- 
ual observations  to  bring  them  on  the  curves  are  indicated. 

Having  completed  this  primary  investigation  for  Helena,  in  the  main  every  other 
value  of  discharge  in  the  whole  river  reste  upon  it,  but  as  the  steps  from  point  to 
pNOLut  down  are  with  minor  exceptions,  exactly  similar,  it  will  be  sufficient  to  con> 
sider  iu  full  the  investigation  of  the  reach  Helena  to  Arkansas  City,  and  note  minor 
diHerencee  in  the  investigation  of  other  reaches. 

In  the  investigation  of  the  reach  Helena  to  Arkansas  City,  the  above  Helena  se- 
qnence  and  changes  of  plane  are  plotted  with  Arkansas  City  data  for  comparison 
(M^  Plate  3) ;  on  this  points  0  are  the  Arkansas  City  measured  discharges  plotted 
with  an  interval  of  If  days  from  Helena.  A  few  of  these  Arkansas  City  observations 
that  were  clearly  out  of  sequence  by  considerable  amounts  were  primarily  corrected 
to  be  in  approximate  sequence,  liie  corrected  values  of  these  feyr  observations  are 
shown  as  />^  on  the  respective  days.  The  observed  gauge  readings  and  values  of  dis- 
rharge  at  Arkansas  City  were  then  tabulated  through  the  period,  small  gaps  in  the 
ob^rved  discharge  values  being  filled  by  interpolation,  and  with  this  tabulation  was 
indicated  the  periods  of  the  respective  normal  curves  at  Helena.  During  the  period, 
th^n,  that  a  given  curve  held  at  Helena,  a  Helena  gauge  reading  could  oe  scaled  on 
this  curve  for  the  Arkansas  City  value  of  discharge,  and  this  Helena  gauge  reading 
would  he  the  reading  that  would  have  heen  observed  at  Helena  if  the  same  value  of 
diischarge  had  passed  there  as  was  found  at  Arkansas  City.  Such  a  gauge  reading  at 
Helena  is  called  the  equivalent  of  the  Arkansas  City  observed  gauge  reading,  for 
they  both  correspond  at  that  time  to  the  same  value  of  discharge  at  Helena  by  the 
law  that  is  holding  there  in  the  variation  of  discharge  with  gauge,  and  at  Arkansas 
City  observed  with  the  discharge  there,  in  whatever  law  or  absence  of  law  that  may 
be  holding  them  in  the  variation  of  discharge  with  gauge  at  that  point.  These  Helena 
ec^aivalent  gauge  heights  were  determined  for  the  whole  period  on  the  respective 
Helena  normal  curves,  except  during  the  short  interval  of  change  of  plane  at  Helena. 
The  observed  Arkansas  City  gauge  readings  were  plotted  as  abscissas  to  the  equiv- 
alent Helena  gauge  heights  as  ordi nates,  shown  on  Plate  5.  Time  is  indicated  at 
intervals  by  dates  to  the  points  of  the  Arkansas  City  gauge  readings  at  intervals 
and  intermediate  times  by  the  numbers  of  the  Arkansas  City  discharge  observations 
at  such  times.  The  short  periods  of  change  of  plane  at  Helena,  when  the  Helena 
equivalent  gauge  heights  could  not  be  deduced,  are  shown  dashed.  This  is  called 
the  "  equivalent  gange  relation"  and,  simply  for  comparison,  is"  plotted  with  it  the 
'^  actual  gauge  relation"  or  observed  gauge  readings  at  both  points,  the  time  inter- 
val being  allowed. 

We  see  on  this  equivalent  gauge  relation  that  the  period  from  1  (October  13)  to  12 
and  again  from  58  to  76  is  very  closely  expressed  by  line  (1),  and  again  from  81  to 
April  11,  the  end  of  the  observations,  by  Ime  (3),  line  (3)  being  of  the  same  inclina- 
tion as  line  (1),  but  with  values  uniformly  1.6  feet  larger  on  the  Arkansas  City  gauge 
scale.    Omitting  for  the  present  the  consideration  of  other  periods,  and  taking  line 
(1)  afi  expressing  the  true  law  of  relation  between  Helena  and  Arkansas  City  equiv- 
alent gauge  heights  for  the  time  between  observatio^is  58  and  76,  and  remembering 
that  these  equivalent  gauge  heights  represent  equal  values  of  discharge  at  Helena 
and  Arkansas  City,  we  may  substitute  for  the  Helena  gauge  heights  in  the  law  of 
variation   of  discharge  to  gauge  there  -the  values  of  the  corresijonding  Arkansas 
City  gauge  heights  on  this.line  (1),  and  this  will  give  the  law  of  variation  of  dis- 
charge to  gauge  occurring  at  Arkansas  City  during  this  time.    This  is  called  a  trans- 
fer by  a  line  of  gauge  relations.    ^SHiile  a  normal  curve  is  holding  at  Helena,  this 
line  gives  us  the  fact  that  a  like  curve  is  holding  at  Arkansas  City,  the  only  differ- 
ence in  the  curves  being  that  the  gauge  scale  is  changed  at  Arkansas  City  in  a  ratio 
given  by  the  inclination  of  this  line;  this  ratio  is  1'  on  Helena  gauge  equals  0.944 
foot  on  Arkansas  City  gauge.    Also,  where  there  is  a  change  of  plane  at  Helena,  as 
there  isof -f- 1.5  feet  between  points  GQ  and  70,  we  have  the  fact  that  there  is  a  change 
-'  plane  at  Arkansas  City  in  the  same  equivalent  time  and  the  same  in  amount 
hen  expressed  in  the  Arkansas  City  equivaleut  gauge  scale,  or  in  absolute  amount 
qual  1.5  feet  X  0.944  =  1.416  feet.    From  this  it  can  hardly  be  doubted  that  the 
lange  of  plane  at  Helena  between  points  69  and  70,  is  in  no  way  a  local  phenom- 
lon,  but  passes  down  with  the  flood  at  Helena  to  Arkansas  City,  as  close  as  we  can  , 
etermine,  unchanged  in  form  and  in  the  regular  interval  of  If  days. 
In  the  period  Ijetween  points  76  and  81,  or  of  transition  from  line  (1)  to  line  (3), 
re  see  that  a  change  of  4- 1*6  feet' (Arkansas  City  gauge)  occurs  beiween  Helena  and 
rkansas  City  as  an  effect,  to  be  added  to  those  tiauHuiitted  down  from  Helena,  or 
lat  after  point  81  the  Arkansas  City  gange  height  for  a  given  Helena  gauge  height, 
id  hence  for  a  given  value  of  discharge  on  whatever  normal  curve  be  taken  at  Hel- 
fty  is  oniformly  of  1.6  feet  greater  vidue  than  it  was  during  the  period  of  line  (1). 
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Following  point  81  to  the  end  of  theobservationB,  all  the  equivalent  gange  heights 
falling  on  line  (3)  show  that  the  variations  of  discharge  to  gauge  at  ArkansM  City 
follow  identically  the  Helena  variations  as  in  line  (1^,  though  raised  as  a  whole  in 
addition  this  1.6  feet  on  the  Arkansas  City  gauge.  Tne  seven  periods  of  normal  vari- 
ation being  gotten  by  simply  substituting  for  the  Heleua  gauge  the  values  of  the 
Arkansas  City  gauge  scaled  on  line  (3),  and  the  six  changes  of  plane  at  Helena  being 
apparently  identically  transmitted  down  to  Arkansas  City.  Tliere  is  one  exception 
herC;  however,  to  this  identity  in  transmission  of  the  change  of  plane  from  Helena 
to  Arkansas  City.  It  is  seen  that  a  change  of  plane — 1.1  feet  rHelena  gauge)  occurs 
between  points  89  and  90,  while  the  equivalent  gauge  points  lor  90  and  the  day  fol< 
lowing  are  found  about  1.1  feet  (Helena  gauge)  below  line  (3)  and  pass  back  to  line 
(3)  in  the  next  2  days.  This  shows  that  the  fall  of  plane  that  occurred  then  at 
Arkansas  City  was  several  days  later  than  the  interval  of  If  days  in  its  passage 
down  from  Helena.  It  has  necessarily  taken  place  at  Arkansas  City  when  the  eqtiiv- 
alent  gauge  heights  plot  on  line  (3),  but,  for  the  points  90  and  the  day  following,  it 
appears  evident  that  the  fall  of  plane  at  Helena  has  given  Helena  equivalent  gauge 
heights  too  low  for  the  Arkansas  City  observed  gauge  heights  by  the  amount  of  this 
fall  of  plane  at  Helena. 

Lines  (1)  and  (3)  can  be  taken  very  confidently  as  representing  with  great  accu- 
racy the  law  of  relation  between  equivalent  gauge  heights  at  Helena  and  Arkansas 
City  during  their  respective  periods,  for  the  divergence  of  the  plotted  points  from  these 
lines  is  very  fully  within  the  effect  of  accidental  errors  of  the  Arkansas  City  discharge 
observations,  and,  in  fact,  this  shows  a  degree  of  precision  in  the  bulk  of  the  obser- 
vations that  it  was  before  hardly  thought  could  be  attained. 

Beyond  the  periods  covered  by  linos  (1)  and  (3)  there  is  the  low- water  phenomena, 
which  is  in  very  striking  contrast  with  the  above.  Between  points  12  and  13  there 
is  a  fall  of  plane  at  Helena  of  0.7  foot  (Helena  gauge),  and  corresponding  to  this  there 
is  no  fall  of  plane  at  Arkansas  City,  for  the  equivalent  gauge  points  from  13  to  25 
plot  about  on  (A),  which  is  Just  0.7  foot  lower  on  the  Helena  gau^e.  That  is,  between 
12  and  13  we  have  passed  to  a  curve  0.7  foot  lower  in  scaling  the  Helena  equivalent 

fauge  heights,  and  we  find  these  plotting  to  the  observed  Arkansas  City  gau^e 
eitrnts,  0.7  foot  (Helena  gauge),  lower  at  13  and  the  points  following,  than  they  did 
at  12:  hence  the  law  of  variation  of  discharge  to  gauge  at  Arkansas  City  is  continu- 
ous tnrough  the  period,  and. the  shifting  of  the  equivalent  gauge  points  is  a  result 
of  the  independent  change  of  plane  ( -  0.7  foot)  at  Helena. 

Again,  between  points  25  and  35  there  is  a  slow  fall  of  plane  at  Arkansas  City  to 
line  (2)  that  is  independent  of  any  change  of  plane  at  Helena,  as  in  the  case  of  rise 
of  plane  from  lines  (1)  to  (3)  before  considered.  From  35  to  1  day  after  50,  line  (2) 
is  taken  as  representing  the  true  variation  of  equivalent  gauge  heights,  though 
some  of  the  points  diverge  here  considerably  from  it.  This  is  thought  to  be  legiti- 
mate here,  for  at  this  stage  quite  small  errors  in  discharge  may  cause  considerable 
errors  in  gauge. 

From  1  day  after  50  to  53  there  is  the  rise  of  plane  at  Helena  of  0.7  feet  and  fol- 
lowing it  the  period  (B).  This  as  (A)  is  not  a  change  of  plane  at  Arkansas  City, 
the  period  (B)  being  simply  a  shifting  of  line  (2)  to  a  position  of  0.7  feet  higher  on 
the  Helena  gauge  by  the  change  of  plane  at  Helena  -f  0.7  feet.  From  56  to  58  we 
have  the  rise  of  plane  at  Arkansas  City  to  line  (1),  independent  of  any  rise  at  Hel- 
ena, and  following  58  the  changes  before  considered.  This  change  of  plane  56  to  58 
was  finally  taken  as  commencing  between  55  and  56,  for  it  then  gave  a  fairer  sequence 
of  discharge  at  Arkansas  City. 

The  contrast  of  this  low- water  period  with  the  otheif  is  very  striking.  In  it  the 
changes  of  plane  occur  totally  independently  at  the  two  points,  Helena  and  Arkan- 
sas City,  and  hence,  by  inference,  are  local  phenomena,  while  above  the  low-water 
stage  all  changes  of  plane  at  Helena  are  apparently  identically  transmitted  down 
to  Arkansas  City,  and  hence,  by  inference,  are  phenomena,  general  to  all  points,  or 
impressed  on  the  flood  in  its  passage  down  the  river.  The  independence  of  changes 
of  plane  at  low  water  is  thought  to  be  due  to  these  changes  being  here  results  of 
scour  of  low- water  channels  through  bars  and  loced  shift  ings  of  the  low-water  slope 
from  pool  to  bar,  and  therefore  of  a  nature  totally  different  from  the  changes  of 
plane  that  are  general  and  that  occur  at  the  higher  stages.  In  fact,  it  may  readily 
be  supposed  that  there  are  places  where  no  true  normal  curve  exists  during  the  low- 
water  period. 

In  wnat  has  preceded  the  equivalent  gauge  relation  has  been  discussed  in  specific 

geriods,  but,  to  avoid  unnecessary  explanations  in  the  future,  it  may  be  well  here 
>  generalize  this  discussion  as  follows :  When  the  equivalent  gauge  heights  plot  on 
one  straight  line,  the  variations  of  discharge  to  gauge  ure  exactly  similar  at  the 
upper  and  lower  points;  they  are  simply  the  same  variation,  plotted  to  gauge  scales, 
having  a  constant  ratio,  given  by  the  inclination  of  this  line;  hence  normal  curves 
at  the  upper  are  normal  curves  at  the  lower  point  and  changes  of  plane  at  the  upper 
ftre  the  same  changes  of  plane  at  the  lower  point.    When  the  equivalent  gauge 
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liai^tB,  plotted^  show  ^  Bhiffcing  from  one  line  to  another  of  the  same  inclination 
raen  a  period  of  shifting  is  a  change  of  plane  that  is  not  common  to  the  two  points. 
Fiom  the  gauge  relation  alone  we  can  not  say  where  this  change  occurs.  It  may  be 
a  ehange  at  the  lower  point  that  was  not  found  at  the  upper,  as  the  period  from  76 
to  81  (see  the  Helena-Arkansas  City  equivalent  gauge  relations  on  Plate  5)^  or  it  may  be 
a  change  of  plane  at  the  upper  point  that  was  not  found  at  the  lower,  as  tho  change 
ftom  l^to  13y  or  it  may  be  any  combination  of  changes  of  plane  at  both  points,  with 
eseess  at  one  a  given  amount  over  that  at  the  other.  But,  with  the  actual  changes 
of  plane  at  one  of  the  points  and  the  equivalent  ^auge  relation  given,  the  actual 
ehuigea  at  tiiie  other  point  may  .be  at  once  determined.  Say  the  changes  of  plane 
at  the  upper  point  are  known  and  expressed  in  the  equivalent  ratio  for  the  lower 
point  (in  the  Helen  a- Arkansas  City  case=  -^  Helena  change  of  plane  multiplied  by 
0.9i4)y  and  that  the  changes  from  time  to  time  of  the  equivalent  gauge  relation  are 

S'ven  in  terms  of  ^t  change  on  lower  gauge,  then  the  actual  changes  of  plaue  at  the 
wer  point  are  simply  the  algebraic  sum  of  these  two,  or  the  normal  curve  at  the 
lower  point,  at  any  time,  is  smipl^  the  normal  curve  of  that  time  at  the  upper  point 
transferred  by  the  line  of  the  equivalent  gauge  relation  of  that  time. 

Above  the  Helena- Arkansas  City  data  of  rlate  3  there  has  been  represented  diagram- 
raatically  the  changes  of  plane  at  Helena.  Under  this  is  a  diagram  of  the  changes 
in  terms  of  the  lower  gauge  of  the  equivalent  gauge  relation  shown  on  Plat^'  5,  be- 
low is  a  dia^^m  of  the  resulting  normal  curves  and  periods  of  change  of  plane  at 
Arkansas  City  in  terms  of  the  Arkansas  City  gauge  values.  On  Plate  9  are  shown 
these  curves  and  changes  of  plane  drawn  among  the  Arkansas  City  discharge  observa- 
tions, plotted  to  gauge. 

Finally,  an  Arkansas  City  sequence  of  discharge  equivalent  in  time  to  the  Helena 
sequence  (If  days  interval)  was  scaled  for  the  Arkansas  City  gauge  readings  on  the 
above  discharge  curves,  and  is  shown,  drawn  as  a  fair  line,  among  the  Arkannas  City 
discharge  observations,  plotted  on  Plate  3.  The  differences  between  the  Helena  and 
Arkansas  City  sequences  give  the  increments  entering  the  Mississippi  between  these 
pmnts.  These  are  plotted  below  as  also  the  combined  discharge  of  the  Arkansas  and 
White  riTers,  scaled  from  discharge  curves,  calculated  from  the  1879  observations  on 
those  streams.  The  comparison  of  the  two  shows  how  a  flood  out  of  the  tributaries 
is  retarded,  in  its  entrance  by  a  rise  in  the  main  river. 

In  scaling  the  sequence  of  discharge  there  was  primarily  no  certainty  of  the  exact 
vahiee  of  discharge,  either  at  Helena  or  Arkansas  City,  during  the  periods  of  chan<^e 
of  plane  at  these  points.  However,  after  the  equivalent  gauge  relation  bad  bf en 
determined,  all  periods  of  coincident  change  of  plane  could  be  adjusted  with  greater 
accuracy,  for  then  approximate  values  of  discharge  might  be  taken  on  either  the 
Helena  or  Arkansas  City  sequence  and  the  values  of  the  other  point  deduced. 
These  Talnes  at  the  two  points  would  be  practically  exactly  true  in  their  diilei  cnce 
and  they  might  then  be  both  put  a  given  amount  larger  or  smaller,  so  a^  to  bent 
agree  with  the  observations  at  the  two  joints.  A  single  instance  of  this  will  be  Buth- 
cient  to  make  the  method  clear.  Taking  the  change  of  plane,  January  dl-February 
1,  the  values  of  discharge  may  be  scaled  on  the  Arkansas  City  sequence  and  the  cor- 
nq>ondiiig  Helena  discharges  deduced  as  follows: 


ti 

1. 


Arkansas  City. 


Gauge. 


41./ 

41.4 


Discharge. 


1,082 
1,066 


Helena 
gaage. 


40.60 
39.76 


Helena, 

equivalent 

of  Arkansas 

City  gauge 

online  (3). 


42.90 
42.66 
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Helena 
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less  actual 
gau^e  read- 
ing. 


2.40 
2.80 


AQ.ordls 
charge  in- 
crement 
correspond- 
ing to  A  G. 


86 

110 


Helena  dis- 
charge or 
Arkiuisaa 
City  dis- 
charge less 
AQ. 


996 
046 


(Values  ot  discharge  are  giTen  in  thonsands  of  cubic  feet  per  second.) 

And  if  the  Helena  values  of  discharge  had  shown  any  need  of  further  ad^jnstmcnt, 
he  Talnes  at  hoth  Helena  and  Arkansas  City  could  have  heen  chnnjired;  keeping  the 
iboTe  values  of  ^Q  constant.  By  this  method  the  sequence  of  discharge  during  all 
ioincident  changes  of  plane  were  adjusted. 

In  addition  to  tiie  ahove  plates  the  following  tahulations  are  presented,  giving  the 

mtline  of  the  work  in  this  investigation  of  the  Helena- Arkansas  City  data. 

Tabulation  I  gives  the  coordinates  of  the  Helena  normal  curves,  as  they  were 

lasnmedy  and  the  rasulting  coordinates  of  the  Arkansas  City  normal  curves  as  they 

rere  finally  deduced.    It  will  he  seen  in  this  that  the  values  of  disrlinrgo  have  l)oen 

iken  common  to  all  the  curves,  while  the  various  corresponding  values  of  gauge 

ftve  heen  calculated.    This  is  the  host  method  where  an  actual  calculation  of  the 

Dints  is  made,  for  in  that  case  the  various  gauge  values  of  each  curve  may  he  cal* 
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ciliated  by  the  addition  of  a  constant  difference,  while  if  the  variona  discharge 
valnes  of  a  curve  were  to  be  calculated  the  process  would  be  much  longer. 

Tabulation  II  gives  the  steps  in  the  deduction  of  the  Helena- Arkansas  City  equiva- 
lent gauge  heights.  In  the  eoluum  of  Arkansas  C'ity  discharge  those  values  marked 
t  are  values  either  interpolated  between  the  actual  observation,  or  observations  with 
considerable  errors  that  were  i)riniarily  corre(;ted,  so  as  to  be  in  approximate  se- 
quence, as  before  noted;  all  others  are  the  Arkansas  City  observed  discharge  values. 

Tabulation  III  gives  the  values  of  the  Helena  and  Arkansas  City  sequences,  the 
increments  between  Helena  and  Arkansiis  City,  with  the  combined  discharge  of  the 
White  and  Arkansas  rivers.  In  these  last  the  iute]^val  htis  been  taken  as  1  day  from 
Pine  Bluff  to  the  mouth  of  White  River  on  the  Mississippi  or  Pine  Bluff  dates  equal 
Helena  dates. 

.    The  unit  for  values  of  discharge  in  all  the  above  tabulations,  as  well  as  those  that 
will  follow,  is  taken  as  1,000  cubic  feet  per  second. 

A  similar  comparison  of  the  Arkansiis  City  Red  River  Landing  data  is  shown  on 
Plates  4,  5,  and  11,  and  Tabulations  IV,  V,  VI  ^ive  the  outline  of  the  work.  After 
what  has  preceded  a  few  notes  will  be  all  that  is  needed  of  explanation. 

The  change  of  plane  at  Arkansas  City,  November  14  to  24,  is  only  taken  as  from  14 
to  20  at  Red  River  Landing,  as  seen  in  the  Re<l  River  Landing  sequence  of  discharge, 
for  this  is  a  low- water  phenomena,  and  is  not  thought  to  be  necossarily^  coincident 
at  the  two  points.  Again  in  the  change  of  plane,  January  10-11,  the  exact  trans- 
mission of  the  Arkansa-s  City  plane  is  not  taken,  as  this  would  make  the  Red  River 
Landing  sequence  irregular.  It  is  not  thought  that  this  is  sufficient  to  prove  that 
the  change  of  plane  was  not  exactly  transmitted,  for  the  time  of  the  change  of  plane 
at  Arkansas  City  can  hardly  be  fixed  so  exactly  as  not  to  possibly  overlap  one  day 
in  transmission  to  Red  River  Landing ;  March  23  is  also  taken  as  a  similar  case  of 
overlapping.  Theae  two  cases  are  shown  on  the  Rod  River  Landing  plotted  sequence 
as  dotted  Imes. 

Tabulation  IV  gives  the  deduction  of  the  Arkansas  City-Red  River  Landing 
equivalent  gauge  heights. 

Tabulation  v  gives  the  Red  River  Landing  normal  curves^  resulting  from  the  Ark- 
ansas City  curves,  and  the  equivalent  gauge  relation.  It  will  be  noticed  tli at  though 
essentially  the  same  for  the  Arkansas  City-Red  River  Landing  reach,  as  Tabulation 
I  was  for  the  Helena- Arkansas  City  reach,  it  is  yet  very  different  in  form.  This 
arose  from  the  fact  that  it  was  thought  that,  from  Arkansas  City  down,  no  appre- 
ciable error  would  be  introduced  into  the  transfer  by  scaling  the  discharge  val ties 
on  the  upper  normal  curves,  in  which  case  it  is  most  convement  to  scale  them  for 
eVen  feet,  and  then  calculate  the  lower  gauge  equivalents  of  these  even  feet  on  the 
various  lines  of  the  equivalent  gauge  relation,  then,  as  before  stated,  obtain  the 
lower  normal  curves  of  each  period  by  plotting  the  values  of  discharge  belonging  to 
the  upper  normal  curve  of  that  period  to  the  lower  gauge  equivalents  on  the  lino  of 
the  period.    Tliis  method  has  been  followed  for  all  .transfers  below  Arkansas  City. 

Tabulation  VI  gives  the  Arkansas  City  and  Red  River  Landing  sequence  of  dis- 
charge with  the  increments  between  the  points. 

A  similar  comparison  of  the  Red  River  Landing  and  CarroUton  data  is  shown  on 
Plates  4,  5,  and  12,  and  Tabulations  VII,  VIII  give  the  outline  of  the  work. 

In  all  that  has  preceded,  it  has  been  avSsumed  th.it  the  true  stage  was  closely 
represented  by  the  observed  gauge  readings,  or  that  tliere  was  very  little  error  in 
this  observation  in  comparison  with  the  error  of  the  discharge  observation,  llio 
CarroUton  hydrographs,  from  the  Tegular  gauge  records  and  from  the  readings  of  the 
observation  party,  plotted  on  Plate  4,  show  that  this  iiasumption  can  not  be  made  at 
CarroUton,  for  there  is  very  evidently  an  erratic  variation  to  time  of  the  CarroUton 
gauge  readings  and  probably,  also,  sharp  oscilhitions,  for  the  two  readings  of  the 
same  date  sometimes  diverge  considerably.  It  may  be  considered  that  elevation  of 
Gulf  tide  plays  a  part  in  this  at  the  low  stages,  for  tlie  average  low  water  at  CarroU- 
ton is  not  more  than  about  one-half  foot  above  mean  Gulf  tide,  but  is  difficult  to  see 
how  this  may  cut  much  of  a  figure  at  the  hi^li  stages.  The  irregularity  ap^)ears  not  to 
be  confined  to  the  low  stages,  and  in  default  of  any  other  explanation  it  ;s  supposed 
to  be  due  to  tide  and  wind  effects,  though  the  wind  effect  is  not  apparent  in  the 
wind  data  given  with  the  distharge  observations. 

Whatever  the  cause  of  tliis  irregularity  may  be,  it  certainly  renders  very  ques- 
tionable the  use  of  the  Can'olltun  gauge  reading  as  the  measure  of  true  stage  at  Car- 
roUton, for  it  is  hardly  probable  that  the  discharge  would  vary  in  a  smooth  sequence 
to  time  down  to  Red  River  Landing  and  change  to  an  irregulor  sequence  between 
Red  River  Landing  and  CarroUton,  which  would  be  the  case  if  the  true  discharge 
were  taken  as  being  given  on  a  curve  by  the  CarroUton  gauge  reailiiigs.  As  one  of 
the  many  instances,  obs<;rvations  Nos.  7,  8,  0,  10  show  a  very  smooth  variation  of 
discharge  to  time,  and  agree  vej;j^  closely  with  what  we  would  expect  from  the  Rod 
River  Landing  dischiu'ge  in  the  e(iuivaleut  x>eriod,  and  yet,  as  may  be  seen  on  Plate 
12,  they  plot  to  gauge  with  considerable  irregularity. 
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This  nnc^Ttainty  of  the  tme  stage  at  Carrollton  apx>ears  to  anionnt  to  Romething 
like  one-half  foot,  and  its  existence  must  be  borne  in  mind  in  considering  the  eqiiiy- 
alent  gauge  relation  and  in  the  points  of  diflcharge  plotted  to  gauge.  At  times  not 
only  must  a  point  in  error  have  a  correction  in  the  direction  of  discharge,  but  also 
in  ih»  direction  of  ^ange.  The  special  consideration  of  the  period  covering  observa- 
tions  63, 64,  65,  will  make  this  more  clear.  63  is  clearly  in  error  in  its  dischargee 
Talne,  as  ahoDm  by  the  discharge  sequence,  so  that  a  discharge  correction  is  given  it 
that  brings  it  more  in  harmony ;  also,  on  the  hydrography  it  would  appear  that  the 
more  probable  variation  of  true  stage  was  represented  by  the  dotted  line,  so  that  6B 
wonld  also  have  a  gauge  correction  of  about  -f  0.6  feet;  64  has  the  gauge  correction 
alone,  and  65  has  no  gauge  correction,  but,  as  compared  with  the  lied  River  Land- 
ing discharge,  its  discharge  value  is  probably  too  large.  These  points  are  there- 
fore corrected  on  Plates  5  and  12,  as  shown  by  the  arrows. 

In  tile  above  case  the  corrections  are  rather  fairly  indio>ated  by  the  data,  and  with- 
out attempting  a  minute  investigation  of  each  point,  it  is  thought  that  this  double 
uncertainty  in  the  value  of  discharge  and  in  the  true  stage  at  Carrollton  is  sufficient 
to  account  for  the  irregularities  found.  For  the  same  cause,  also,  the  sequence  of 
discharge  at  Carrollton  could  not  be  computed. 

Tabulation  VII  presents  the  deduction  of  the  equivalent  gauge  relation.  In  this, 
only  points  of  measured  discharge  at  Carrollton  are  taken  and  the  few  that  were 
corrected  had  only  such  corrections  as  were  clearly  shown  b^  the  sequence;  where 
it  was  uncertain  the  points  were  omitted.  Tabulation  YUI  gives  the  Carrollton  nor- 
mal cnrvee. 

The  discharge  observations,  measured  at  Warrenton,  were  originafly  so  discordant 
that  no  confidence  could  be  placed  in  them,  and  though  the  final  revision  improved 
the  appearance  of  the  data,  it  was  still  thought  best  not  to  use  them.  As  it  was  de- 
Biabfe,  however,  to  obtain  a  normal  curve  for  Yicksburg,  approximate  Vicksburff 
values  of  discharge  were  obtained  from  the  Arkansas  City,  Hed  River  Landing,  ana 
Old  Rirer  discharges. 

As  seen  on  Plate  4.  the  difference  between  the  Arkansas  City  and  Red  River  Land- 
ing discharges'  to  December  13  are  very  close  to  the  escape  from  the  Mississippi 
through  Old  River,  so  that  we  may  very  confidentlj'-  take  tne  Yicksburg  discharge 
as  essentially  the  same  as  that  at  Arkansas  City,  the  discrepancy  in  the  tirst  10  days 
being  assumed  due  to  error  in  the  Old  River  ooservations.  From  December  13  on 
there  is  seen  to  be  a  material  increment  to  the  Mississippi  between  Arkansas  City 
and  the  month  of  Old  River;  probably  the  greater  part  of  this  increment  enters  the 
MiaaiBsippi  at  the  mouth  of  the  Yazoo,  above  Yicksburg,  so  that  Red  River  Landing 
discharge,  less  Old  River  discharge,  should  in  the  main  approximate  closely  the 
Yicksburg  discharge.  x 

These  have  been  taken  for  the  Yicksburg  discharges  and  the  reach  Arkansas  City- 
Yieksbnrg  considered  in  a  manner  similar  to  the  others.  The  ^auge  relation  is  shown 
on  Plate  5  and  curves  on  Plate  10^  and  tabulations  IX,  X  give  the  outline  of  the 
work. 

In  this  work  the  values  of  discharge  in  the  final  sequences  at  the  other  points  were 
ssed.  and,  as  they  are  assumed  to  be  the  true  values  of  discharge,  it  may  be  well  to 
consider  what  errors  remain  in  the  Yicksburg  discharges  so  deduced.    First,  there 
ire  the  errors  in  the  Old  River  discharge  observations,  and  at  times  these  are  rather 
•catterine,  as  e^own  on  Plate  4,  with  the  sequence  sketched  through  them  that  was 
arbitrarily  taken  as  giving  the  Old  River  discharge  for  each  day.     Second^  what- 
ever increment  enters  the  Mississippi  between  yicksburg  and  Red  River  Land- 
ing, by  that  amount  the  deduced  Yicksburg  discharges  will  be  too  large^  and  there 
are  times  where  this  has  undoubtedly  distoi^d  the  equivalent  gauge  relation  and  put 
points  off  the  true  curve.    An  instance  will  be  sufficient.    Between  observations  No. 
66  and  68  the  Arkansas  City  deduced  gauge  heights  are  too  large  ^see  Arkansas  City- 
Yicksborg  equivalent  gauge  relation  on  Plate  5).    Also  observation  67  plots  with  a 
discharge  value  decidedly  larger  than  the  curve  value  of  the  period  (see  Plate  10). 
It  is  seen  by  the  hydrographs  that  this  just  about  coincides  in  time  with  a  shai^ 
swell  in  the  Yazoo  ana  Red  Rivers,  and  as  the  same  rains  that  caused  these  rises 
''honld  cause   contributions   from  tne  left  bank   tributaries  between  Yicksburg 
id  Red  River  Landing,  it  is  very  clear  that  the  above  irregularities  are  due  to  the 
rror  in  the  method  of  deducing  the  Yicksburg  discharge.    Finally  any  error  in  the 
icksbnrg  gauge  reading  would  cause  irregularities.    The  scattering  of  points  in  the 
luivalent  gauge  relation  and  in  discharge,  plotted  to  gauge,  are  thought  to  lie 
ithin  these  causes  of  error. 

As  after  observation  No.  101  the  Red  River  Landing  sequence  is  only  hypothetical, 
le  normal  curves  have  not  been  carried  further  than  that.    Also,  only  on  those  days 
T  observations  at  Red  River  Landing  have  the  values  of  Yicksburg  discharge  been 
lotted  on  Plate  10,  and  these  have  been  given  the  Red  River  Landing  numbers. 
Tisbnlatioai  IX  gives  the  equivalent  gauge  heights  and  X  the  norm^  curves. 
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Aa  a  final  summary  of  the  results  of  this  investigation  of  the  1884-'85  data,  it  had 
confirmed  the  suggestions  of  former  data  as  to  the  existence  of  a  normal  curve  at  each 

Soint,  and  its  shifting  f^om  time  to  time  on  the  gauge  scale.  It  has  enahled  us  to 
etermine  these  normal  curves  from  Helena  to  Carroll  ton  with  a  degree  of  preci- 
sion believed  to  be  within  0.2  feet  in  the  total  range  on  any  of  the  gauges.  It  has 
established  the  fact  that  changes  of  plane,  at  all  but  the  low  stages,  are  not  local 
phenomena,  but  are  transmitt^  down  the  river,  simply  receiving  as  additional  effects 
all  further  changes  that  may  occur  below.  It  has  given  us  absolute  values  of  several 
changes  of  plane  occurring  below  Helena,  and  these  confirm  former  conclusions  in 
regard  to  the  very  large  value  of  these  changes  at  the  mouth  of  Red  River,  when  com- 
pared with  similar  changes  at  other  points.  And  last,  it  has  enabled  us  to  trace  out 
in  one  instance  the  complex  operation  of  a  law  that  aU  admit  is  true,  viz,  that  hav- 
ing a  ^iveu  variation  of  volume  at  the  head  of  the  river  through  a  period  and  given 
variations  of  the  tributaries  below,  the  discharge  at  any  instant  in  the  period  and  at 
any  point  in  its  course  is  absolutely  determined. 
Very  respectfully,  your  obedient  servant, 

Jamks  a.  Seddon, 
A$9i9tant  Engit 
Lieut.  Col.  Chas.  R.  Sctbr, 

Corp$  of  Engineers,  U,  8,  A., 

8L  LouiSf  Mo 
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Tabulation  II. — Selemi- Arkansas  City  eqniraUnt  gauge  heights. 
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16 

18.85 

423 

3 

...do  ...... 

20.40 

80 

16.85 

378 

65 

— do  ...... 

18.20 

16 

18.40 

406 

4 

...do 

19.65 

31 

20.80 

458 

66 

...do 

21.75 

17 

18.15 

405t 

5 

...do 

19.60 

1885. 

18 

18.10 

414 

6 

...do 

20.00 

Jan.     1 

23.35 

657 

67 

— do  ...... 

25.60 

19 

18.25 

409t 

...do 

19.80 

2 

26.15 

6:J7 

68 

...do 

28.35 

ao 

18.45 

405 

I 

9 

...do 

19.60 

3 

28.70 

719 

69 

...do 

31.00 

21 

18.50 
18.40 

419 
414 

...do 

...do 

20.15 
20.00 

4 
5 

81.10 
32.90 

do  ...... 

22 



...do  , 

23 

18.20 
17.95 

417 
394 

10 
11 

...do 

...do 

20.10 
19.10 

6 

7 

84.65 
35.56 

24 

892 

70 

Ciii-ve  3  . . . 

37.' 65 

25 

17.55 
17.10 
16.75 

890t 
380t 
875 

12 

...do ...... 

18.90 

8 

9 

10 

36.30 
36.86 
87.30 

935 1 

969 

080 

. . -do  ...... 

38.85 

28 

7i 
72 

...do 

...do 

39.75 

27 

18- 

CarTe2... 

17.55 

40.05 

28 

16.45 

357 

14 

...do 

16.75 

11 

37.60 

991 1 

...do 

40.35 

29 

16.20 

354 

15 

...do 

16.65 

12 

38.10 

1,016 

73 

...do 

40.95 

80 

16.05 

352 

16 

...do 

16.55 

13 

38.50 

l,022t 

...do 

41.20 

81 

16.30 

352 

17 

...do 

16.55 

14 

89.05 

1,045 

75 

...do 

41.70 

Nov.    1 

16.50 

366 

18 

...do 

17.10 

15 

89.80 

1.080t 

...do 

42.60 

2 

16.60 

368 1 

» • *  Uv  ••*••• 

17.20 

16 

40.30 

1,117 

76 

...do 

43.55 

8 

16.40 
16.25 

352 
358 

i9 
20 

...do 

...do 

16.60 
16.80 

17 
18 

40.61 
40.95 

4 

Curv©  4 . . . 
..  .do . 

• ••« • - 

•     5 

16.10 
16.00 

362 
350 

21 
22 

...do 

...do 

17.00 
16.95 

19 
20 

41.05 
41.20 

6 

1,069 

79 

.. .do  ... — 

43.40 

7 

15.70 

345 

23 

...do 

16.20 

21 

41.80 

l,060t 

..  .do 

43.40 

8 

15.20 
14.05 

838 
823t 

24 

...do 

...do 

15.85 
15.25 

22 
23 

41.35 
41.50 

1,072 
1,092 

80 
81 

9 

Curve  3 

42.90 

10 

14.00 
13.85 
12.75 
12.25 
11.70 
11.20 
10.70 
10.25 

813 

299 

296 

285 

269 

268 

260  t 

254 

25 
26 
27 
28 
29 
30 « 

...do 

...do 

...do 

. .  .do 

...do 

...do 

...  do  ...... 

14.75 
14.00 
13.80 
18.35 
12.40 
12.40 
12.00 
11.70 

24 
25 
26 
27 
28 
29 
80 
81 

41.60 
4L60 
41.50 
4^.60 
41.70 
41.70 
41.70 
41.75 

...do 

11 

. .  .do 

12 

...do 

13 

" 

do  ...... 

14 

...  do  ...... 

15 

.. .do  ...... 

16 

...do 

17 

81 

...do 

1,064 

82 

. . .  do  ...... 

42.25 

18 

9.85 
9.50 
9.25 
9.05 

2561 
255t 
241 
250 

...do 

11.80 
11.75 
11.00 
11.45 

Feb.     1 
2 
8 

4 

41.70 
41.60 
41.35 
40.80 

l,080t 
1,076 
1,049 
1,026 

..  .do 

42.60 

19 

...do 

83 
84 
ft5 

20 

34 
85 

...do 

...do 

21 

Cnrve4... 

42.30 

22 

8.95 

253 

36 

...do 

11.65 

6 

39.90 

980 

86 

...do 

41.10 

28 

9.00 

250t 

...do 

11.45 

6 

88.70 

930 

87 

...do 

30.80 

24 

8.90 
8.85 

250t 
243 

...do 

11.45 
11.10 

7 
8 

37.45 
86.30 

880 
8381 

..  .do 

38.45 

25 

38 

...do 

...do 

37.25 

26 

8.65 

246 

39 

...do 

11.20 

9 

35.15 

787 

89 

...do 

35.75 

27 

8.60 
8.50 

238 
240 1 

40 

...do 

...do 

10,80 
10.90 

10 
11 

34.15 
33.60 

7601 
743 

28 

90 

Curves.. - 

3,3.30 

29 

8.65 

241 

41 

...do 

10.95 

12 

33.20 

730 

91 

...do 

32.90 

80 

9.Ji) 
9.75 

250 1 
259 

...do 

11.45 
11.90 

13 
14 

32.95 
32.70 

740  t 
7451 

dn 

33.20 

Deo.     1 

42 

...do 

...do 

33.35 

2 

10.65 
11.40 

283 
288 

43 
44 

...do 

...do 

13.20 
13.40 

15 
16 

32.66 
32.26 

7401 
734 

..  .do 

33.20 

3 

94 

...do 

33.05 

4 

1L90 

292 

45 

...do 

13.70 

17 

32.20 

7301 

95 

...do ...... 

32.90 

5 

12.00 

287 

46 

...do 

13.40 

18 

32.25 

735 

96 

. .  .do 

33.05 

6 

11.60 
10.85 
10.30 

285t 
270 1 
260 

...do  ...... 

13.30 
12.50 
12.00 

19 
20 
21 

32.80 
32.20 
31.95 

7351 
7301 
726 

...do 

...do  ...... 

83.05 

7 

••■*•• 

...do 

32.00 

8 

48 

...do 

96 

...do 

32.75 

9 

9.55 
8.80 

252 
247 

49 
50 

...do 

...do  ...... 

11,80 
U.30 

22 
23 

31.35 
30.50 

7001 
669 

...do 

32.00 

10 

99 

...do 

30.05 

U 

&20 

238 1 

...do 

10.80 

24 

29.65 

626 

100 

...do 

29.50 

12 

7.80 
7.40 

234 

221 

62 
53 

25 
26 

28.45 
27.06 

6101 
5651 

...do 

29.00 

18 

Curve  1 . . . 

10.70 

...do 

27.35 

14 

7.50 

220t 

...do 

10.60 

27 

25.40 

610 

101 

...do 

25.^ 

15 

&85 

243 

54 

...do 

11.85 

28 

24.00 

484 

102 

...do 

24.30 

16 

10.95 
12.75 
15.00 
16.55 

286 
821 

65 
56 

...do 

...do 

...do 

14.05 
15.90 

Mar.    1 
2 
8 

4 

22.80 
22. 10 
21.80 
21.75 

17 

470 
458 
4601 

103 
104 
105 

18 

Curve  1... 
...do 

21.80 

19 

805 

58 

...do 

17.85 

21.85 

20 

17.60 

390 

59 

...do 

18.90 

5 

21.85 

459 

106 

...do 

21.85 

21 

18.10 

404t 

...do 

10.60 

6 

22.15 

471 

107 

...do 

22.30 

22 

18.40 

415 

ao 

...do 

20.05 

7 

22.60 

491 

108 

...do 

23.10 

23 

18.40 
16.15 

410 1 
306 

...do 

19.80 
19.20 

8 
9 

23.15 
23.85 

4951 
504 

..  .do 

23.25 

24 

62 

...do 

"ioi 

..  .do 

23.65 

25 

17.85 

395 1 

...do 

19.16 

10 

24.55 

534 

110 

...do 

24.75 

26 

16.80 

365 

63 

...do 

17.86 

11 

25.50 

5601 

...do 

25.70 

27 

15.85 

850t 

...do 

17.16 

12 

20.70 

6901 

iia 

« ■  •  oo  •••*•• 

26.76 
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Tabdlatiox  II. — Helena^ Arkansas  City  equivalent  gauge  heigkfa — Coutiuued. 


datM. 

il 

Number  of  ob- 
servation. 

1 
1 

Helena  equiv- 
alent gauge. 

Arkansas  City 
dates. 

Arkansas  City 
gauge. 

Arkansas  City 
discharge. 

9  • 

1 

lass. 

Vw.  13 

2&10 
29.25 
90.20 
30.85 
31.35 

6aot 

640t 

675t 

696 

717 

742 

767 

779 

795 1 

805t 

1886. 

Mar.  30 

31 

Apr.    1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

83.30 
32.60 
31.75 
30.80 
29.90 
28.85 
28.00 
27..% 
26.90 
20. 75 
27.05 
27.95 
29.05 
30. 25 
31.00 
31.85 
32.55 

743 

714 

687 

669 

654 

618 

695 1 

562 

561 

550 

567 

594 

628 

665 

690 

127 
128 
129 
130 
131 
132 

Curve  6... 

...do 

...do 

...do 

34  00 

U 
15 

10 

17  , 

114 

"iis* 

110 
U7 
118 
119 
120 

Curve  5 . . . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  ...--. 

29.55 
30.70 
31. 45 
32.05 
32.65 
33.60 
33.95 
34.45 
34.80 

33.10 
32.20 
31.60 

18  1  32.00 

19  32.70 

Curve  3 . . . 
- .  -do  -  .... 

29.20 
28.40 

20  33.40 

21  34.00 

22  34.40 

133 
134 
135 
136 

..  .do 

...do 

...do 

...do 

.    do  .  . 

27.35 
27.35 
27. 10 

23     31.75 

27  40 

24 

34.85 
34.85 
34.75 
34.55 
34.30 
33.90 

801 
T91 
801 
789 
780 
7«5t 

122 
128 
124 
125 

28  40 

25 

Curve  6 . . . 

...do 

...do 

...do 

...do 

35.45 
35.80 
35.35 
35.10 
34.65 

...do 

29.55 

26 

...do 

30.80 

27 
28 

...do 

. .  .do 

31.60 

29 

...do 

TabulIlTIOK  III. — Helena  and  Arkansas  City  sequences  of  discharge  with  increments 
hetween  the  points,  and  with  sum  of  the  Arkansas  and  White  Biver  discharges. 


Heknadatea. 


1884. 
Oet  8 

9....."... 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29........ 

30 

31 

for.  1 

2 

3........ 

4 

6 

6 

7 

8 

9 

10 


0 

I 


20.25 
19.95 
19.55 
19.00 
18.50 
18.00 
17.65 
17.50 
17.66 
18.00 
18.30 
18.40 
18.45 
18.35 
18.20 
17.75 
17.30 
16.90 
16.55 
16.30 
16.00 
16.10 
16.25 
16.35 
16.60 
16.15 
16.00 
15.80 
15.55 
15. 15 
14. 75 
14,20 
13.60 
13.10 


6 

I 

flB 

S 


Curve  (1) 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

-do 

...do 

...do 

...do 

...do 

. .  .do  ..... 

...do 

...do 


Curve  (2) 

...do 

...do 

...do 

. . .  do  ..... 

-.do 

...do 

...do 

...do 

...do 

. . .  do  ..... 

..do 

..do 

..do 

..do 

..do 

..do  ..... 


I 

M 

a 


421 
412 
403 
392 
380 
360 
361 
358 
361 


376 

379 

380 

378 

372 

864 

361 1 

300 

352 

347 

340 

343 

846 

349 

351 

343 

340 

3.36 

3.30 

322 

313 

303 

291 

282 


I 


I 


20.4 
20.9 
20.8 
20.3 
19.7 
19.0 
18.5 
18.1 
18.0 
18.2 
18.3 
18.3 
18.3 
18.1 
17.9 
17.6 
17.2 
16.8 
16.4 
16.1 
16.0 
16.2 
16.5 
16.6 
16.5 
16.3 
16.2 
16  0 
15.8 
15.4 
14.8 
14.1 
13.6 
13.0 


Curve  (1) 

..do 

..do 

..do 

..do 

..do 

..do 

. .do  ..... 

..do 

..do 

..do 

..do 

..do 

..do 

.-.do 

..do 

..do 

..do 

. .do  ..... 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

.  .do 

..do 

..do 

..do 


I 

u 

CO 

3 

9 


465 

480 
477 
468 
447 
430 
417 
407 
404 
410 
412 
412 
412 
407 
402 
894 
385 
376 
366 
359 
357 
361 
368 
370 
368 
363 
361 
357 
351 
342 
328 
313 
307 
298 


9 


s9 

O  V 


Wir. 


u 


44 

68 
74 
71 
67 
61 
56 
49 
43 
41 
86 
33 
32 
20 
30 
30 
24 
16 
14 
12 
17 
18 
22 
21 
17 
20 
21 
21 
21 
20 
15 
10 
16 
10 


74 
91 
85 
72 
59 
48 
40 
37 
88 
36 
32 
30 
28 
27 
27 
27 
26 
26 
26 
26 
29 
47 
48 
41 
36 
87 
45 
47 
41 
37 
84 
31 
30 
28 
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Tabulation  III. — Helena  and  Arkansas  City  sequences  of  dischargef  etc. — Continued. 


Helena  datee. 


1884. 
Nov.  11 

12 

18 

li 

15 

16 

17 

18 

19 

20 .-- 

21 

22 

23 

24 

• 

25 

28 

27 

28 

29 

30 

T 

Doc.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

33 

1885. 
Tan.  1 

2 

3 

5 

* 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

i 


•3 

n 


o 

s 

•a 
I 


12.65 

12.10 

11.70 

11.25 

10.05 

10.60 

10.25 

10.00 

0.85 

9.70 

9.60 

9.55 

9.55 

9.40 

9.35 

9.10 

8.00 

8.90 

9.10 

9.75 

10.50 

10.85 

10.95 

10. 85 

10.65 

10.25 

9.70 

8.95 

8.35 

7.85 

7.46 

7.25 

7.20 

7.75 

8.70 

9.85 

11.00 

12.10 

13.25 

14.20 

14.  85 

15.25 

15.25 

14.80 

13.95 

13.00 

12.10 

12.15 

12.90 

14. 85' 

17.75 

%).75 
Zi.  90 
20. 90  , 
29.15 
30.60  I 

31.  55  I 
31.05  I 
32.25  I 

32.  50  I 

32.  80  I 
33. 10  j 

33.  70  ! 
34.35 
35.  00 
35.80 
36.45 
80.90 


Curve  (2) 
.do  .. 
.do., 
.do  .. 
-do., 
.do., 
.do., 
.do  .. 
.do., 
.do  .. 
.do., 
.do., 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do .. 
.do  .. 
.do .. 
.do  .. 
.do .. 
.do  .. 
.do  .. 
.do .. 
.do  .. 
.do  .. 
-do., 
-do., 
.do.. 


Curve  1 
.do... 
.do  ... 
.do... 
.do... 
-do... 
.do... 
.do  ... 
.do... 
.do  ... 
.do... 
.do... 
.do... 
.do... 
.do  ... 
.do... 
.do  ... 
.do  ... 
.do  ... 
.do... 
.do  ... 


.do 
.do 
.do 


Curve  3 
-do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do  ... 
.do  ... 


Curve  4 
>..do  ... 


8. 

3 

t 

& 

1 

5 

a 

es 

00 

9 

M 

« 

u 

n 

< 

274 

12.8 

263 

11.8 

254 

11.3 

247 

10.8 

240 

10.4 

2:^4 

10.0 

228 

9.6 

223 

9.3 

220 

9.2 

218 

9.0 

217 

9.0 

216 

9.0 

215 

8.8 

212 

8.7 

211 

8.6 

207 

8.6 

204 

8.6 

204 

9.0 

207 

9.6 

219 

10.3 

232 

11.0 

239 

11.7 

241 

11.9 

239 

11.7 

236 

11.0 

228 

10.4 

218 

».7 

205 

9.0 

196 

8.4 

180 

8.0 

170 

7.6 

167 

7.6 

166 

8.8 

173 

10.6 

189 

12.6 

207 

14.5 

229 

16.1 

248 

17.2 

270 

18.0 

289 

18.3 

301 

18.4 

810 

18.3 

310 

17.9 

300 

17.2 

283 

16.1 

266 

16.4 

248 

15.8 

249 

16.4 

263 

19.1 

301 

22.6 

363 

25.6 

433 

28.0 

512 

30.5 

594 

32.4 

634 

34.1 

659 

35.3 

688 

36.1 

700 

36.7 

710 

87.2 

717 

87.6 

727 

37.9 

737 

38.3 

756 

38.8 

779 

39.6 

800 

40.2 

805 

40.6 

810 

40.9 

825 

41.0 

t 


Curve  (2) 

.  .do 

..do 

. .do ..... 

..do 

..do 

..do 

-.do 

..do 

..do 

..do 

..do 

..do 

. .do  ..... 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

Curve  1.. 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

Curves.. 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do  ..... 


I 
3 


289 
280 
270 
268 
260 
266 
266 
262 
260 
247 
247 
247 
242 
241 
239 
237 
239 
247 
262 
272 
287 
801 
806 
801 
287 
278 
260 
247 
234 
227 
220 
218 
242 
276 
812 
836 
868 
886 
403 
412 
413 
412 
402 
886 
368 
341 
360 
866 
432 
626 
610 

690 

777 

843 

870 

899 

930 

964 

978 

986 

1,001 

1,017 

1,039 

1,072 

1,099 

1,107 

1,119 

1«114 


II 

^^  . 

s  ?  « 

Ml 


15 

17 

16 

16 

20 

22 

27 

29 

80 

20 

80 

82 

27 

29 

«  28 

80 

85 

48 

46 

58 

55 

62 

64 

62 

52 

45 

42 

42 

89 

47 

60 

51 

76 

108 

123 

i28 

129 

187 

188 

128 

112 

102 

92 

85 

75 

75 

102 

117 

169 

226 

247 

257 
266 
249 
236 
240 
242 
264 
263 
268 
274 
280 
283 
293 
299 
302 
309 


it 

S| 

''a 


27 
26 
26 
26 
25 
24 
23 


23 

23 

28 

24 

.26 

80 

84 

41 

48 

53 

66 

54 

63 

55 

48 

43 

89 

87 

86 

88 

89 

89 

40 

60 

105 

119 

141 

155 

166 

143 

123 

110 

102. 

90 

78 

78 

67 

64 

60 

80 

166 

245 

271 
304 
808 
806 
291 
268 
247 
229 
218 
197 
188 
184 
179 
178 
166 
162 
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Tabulation  HI. — Helena  and  Arkansas  City  sequences  of  discharge,  etc. — Continued. 


HelflnftdstM. 


1885. 

Jan.  18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

Peh.  1 

2 

3 

4 '. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 -^ 

24 

25 

28 

27 

28 

Kar.  1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 


I 

a 
be 

a 
e 

& 


29.50 
29.  35 
2«.60 
27.45 
26.05 
W.50 
22.70 
21.20 
19.45 
18.35 
17.45 
16.80 
16.50 
18.50 
16.  85 
17.50 
18.40 
19. 30 
20,50 
22.00 
23.80 
25.80 
27.60 
28.75 
29.45 
30.00 
30.80 
31.05 
32.40 
33.10 
33.55 
33.70 
33.55 
33.45 
33. 25 
32.90 


a 

o 
^^ 
o 

n 


37.25 
37.60 
38.00 

38.30 : 

38.70  i 
39.15  ' 
39.50  I 
39.8tt  i 
40.10 
40.35  , 
40.45  ] 
40.60 
40.60 
40.50 
39.75  I 
38.50 
36.85 
34.85  , 
32.75  1 
30.95  ' 
29.30  I 
27.90  I 
27.00  I 
26.60 
26.55  ' 
26.65  : 
26.90 
27.00 
27.35 
28.00  ' 
2«.n5  I 

29.:?5  : 


Curve  (4) 


.-.  I 


CurvQS... 

— do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

. . . do 

Cnrv'c  (4)  . 

. .  .do 

. . .  do  ...... 

...do 

...do 

...do 

Curve  (3) . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Curve  (1) . 

...do 

...do 

...do 

...do 

...do 

...do 

. . .  d(4 

...do  

...do 

Curve  (5) . 

...do 

...do 

...do 

...do 

...do 

*Curve*(6y.' 

...do 

...do 

...do 

. .  .do 

838 

860 
890 
915 
929 
947 
959 
970 
983 
992 
996 
1,002 
1,002 
996 
945 
8H3 
82:3 
757 
691 
6:i5 
588 
568 
555 
545 
543 
546 
5.\3 
.'555 
505 
5K3 
6()2 
621 
625 
C21 
600 
569 
5:iO 
489 
44:3 
407 
384 
370 
357 
343 
336 
338 
343 
358 
379 
3f'9 
427 
4tr.{ 
5(M) 
533 
5<J 
615 
6.37 
652 
677 
695 
714 
728 
732 
735 
729 
725 
720 
708 


41.2 
41.3 
41.3 
41.4 
41.5 
41.5 
41.5 
41.6 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.4 
41.0 
40.0 
39.0 
37.8 
36.6 
35.4 
34.4 
3:3.8 
33. 3 
33.0 
32.8 
32.6 
32.4 
32.2 
32.  2 
:J2.  3 
32.2 
32.0 
31.  5 
30.8 
30.0 
2&9 
27.4 
26.1 
24.5 
23.2 
22.3 
21.9 
21.8 
21.8 
22.0 
22.5 
2:3.0 
23.7 
24.5 
25.2 
26.4 
27.7 
28.9 
29.9 
30.6 
31.2 
31.8 
32.5 


9 

3 


33.3 

34.0 

34.3 

34.6 

34.8 

35.  0 

:34.9 

34.7 

34.3 

.% . 

Curve  4 . . . 

...do 

. .  .do 

...do 

...do 

...do 

...do 

...do 

...do 

..  .do 

Curve  (5)  . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Curve  (4) . 

...do 

...do 

..dc 

...do 

...do 

...do 

...do 

.  ..do 

...do 

...do 

...do 

...do 

...do 

Curve  (6)  . 

...do 

. .  do 

..  .do 

. .  do 

..do 

...do 

...do 

...do 

...do 

Curve  (7) . 

...do 

...do 

..  .do 

...do 

...do 

............ 

Curve  (8)  . 

..  .do 

...  do 

...do  ...*.. 

...do 

1,108 

1,103 

1,090 

1^082 

17087 

1,087 

1,087 

1,001 

1,095 

1,095 

1,095 

1,095 

1,095 

1,082 

1,055 

1,022 

981 

940 

894 

849 

804 

770 

749 

732 

7:38 

745 

74:j 

738 
730 
730 
734 
730 
724 
706 
68:3 
657 
622 
577 
540 
404 
474 
4(33 
463 
460 
400 
466 
480 
493 
512 
535 
554 
5!K) 
616 
634 
060 
600 
709 
720 
753 
770 
780 
790 
7!>2 
71)5 

8o:{ 

800 
703 
779 


270 

243 

200 

167 

158 

140 

12s 

121 

112 

108 

90 

93 

93 

86 

110 

1:39 

158 

183 

216 

202 

194 

187 

195 

199 

190 

183 

105 

147 

132 

109 

99 

85 

83 

88 

92 

88 

97 

87 

90 

93 

106 

117 

124 

130 

137 

135 

133 

136 

127 

127 

116 

101 

83 

75 

72 

77 

76 

75 

75 

62 

60 

60 

74 

75 

73 

71 


162 

178 

164 

152 

139 

125 

117 

110 

104 

99 

100 

97 

98 

95 

96 

94 

93 

.92 

91 

96 

106 

129 

147 

153 

160 

158 

152 

139 

124 

110 

98 

89 

84 

80 

74 

70 

67 

64 

62 

63 

«7 

80 

106 

128 

135 

140 

146 

144 

141 

136 

132 

121 

109 

101 

93 

87 

84 

92 

103 

107 

102 

106 

106 

98 

88 

86 

83 

82 


L 
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Tabulation  III. — Selena  and  Arkansas  City  sequences  of  discharge,  etc, — Coutiuuod. 


Helena  dates. 


1885. 

Mar.  27 

.       & 

29'. 

30 

31 

April  1 

2 

3 

4 

6 

6 

7 

8 

9 

10 


9 

l 

& 


82.40 
81.65 
30.70 
29.55 
28.30 
26.90 
25.60 
24.65 
23.90 
23.30 
23.00 
23.10 
23.60 
24.70 
26.20 


i 

%7 

• 

at 

§ 

1 

% 

^ 

« 

4 

a 

c 

i 

c 

§ 

1 

Cnire  (6) 

098 

...do 

670 

...do 

641 

...do 

607 

...do 

572 

545 
517 

Curve  3... 

...do 

493 

...do 

473 

..  .do 

458 

...do 

450 

do 

453 

...do 

465 

...do 

494 

...do 

535 

8. 
i 

o 

I 

% 


34.0 
33.4 
82.8 
82.1 
81.1 
30.0 
29.2 
28.2 
27.5 
27.0 
26.8 
27.0 
27.7 
28.8 
30.0 


• 

1 

i 

1 

1 

5^ 

A 

•o 

^ 
c 

3 
a 

s 

1^' 

Curve  (8) 

769 

76 

...do 

748 

78 

...do 

727 

86 

...do 

704 

97 

...do 

671 

99 

647 
631 

102 
114 

Curve  4... 

...do 

600 

107 

...do 

580 

107 

...do 

565 

107 

.. .do  ...... 

559 

109 

...do 

565 

112 

...do 

586 

121 

...do 

619 

125 

...do 

657 

122 

s 


82 

86 

R7 

87 

«7 

85 

83 

81 

83 

90 

94 

95 

118 

135 

135 


Tabulation  IY. — Arkansas  City- Bed  Biver  Landing  equivalent  gauge  heights. 


• 

• 

^ 

s 

• 

1 

i  ■ 

■ 

g 

M) 

• 

ll 

bC 

• 

1 

1 

1 

• 

§ 

1 

I 

1 

1 

J 

1 

.9 

1 

•2 

• 

i 

S 

P« 

a 

1 

1 

J 

1 

s 

J 

J 

3 

1 

1 

1 

1 

1 

o 

9 

1 

a 

a 
« 

a 
a 

•a 

< 

3 

a 

1 

6 

1 
a 

i 

at 

S 

X 

S 

1884. 

1884. 

Oct.  11 

14.5 

Curve  (1) 
...do  ...... 

Nov.  8 

13.4 

333 

25 

Curve  (1) 
. .  .do  ...... 

15.0 

12 

15.3 
15  9 
16.4 
16.5 

9 
10 
11 
12 

13.3 
13.2 
12.9 
12.6 

328 1 
323 
317 
320 

14.8 

13 

...do 

26 
27 

28 

...do 

...do 

...do 

14.5 

11 

. . .  do  ...... 

14.3 

15 

395 

8 

...do 

'ii'.h' 

14.4 

16 

16.4 

402 

9 

...do 

17.9 

13 

12.2 

303 

29 

...do 

13.7 

17 

16.1 

388 

10 

...do 

17.3 

14 

11.9 

301 

30 

. .  .do 

13  5 

18 

16.7 
15.5 

374 
871 1 

11 

...do 

...do 

16.8 
16.6 

15 
16 

11.5 
11.0 

• 

19 

1 

20 

15.8 
15.2 
15.2 
15.2 
15.2 
15.3 
15.3 
15.2 

367 

877 

368 

867t 

366 

808 

12 
13 
14 

...do 

...do 

...do 

..  .do 

16.5 
16.9 
16.5 
16.4 
16.4 
16.5 

17 
18 
19 
20 
21 
22 
23 
24 

10.6 
10.1 
9.7 
9.3 
&9 
8.6 
8.6 
8.3 

21 

* 

22 

23 

24 

15 
16 

..  .do 

...do 

..  .do 

25 

26 

27 

. . .do  ...... 

247 

37 

Curve  (2) 
...do...... 

9.0 

28 

15.0 

365 

17 

...do 

16.4 

25 

8.1 

239 

38 

8.6 

29 

14.7 

358 1 

...do 

16.1 

26 

8.0 

230 

39 

...do 

8.2 

80 

14.4 

348 

is 

...do 

15.7 

27 

7.9 

228t 

...do 

8.0 

81 

14.1 

353 

19 

...do 

15.9 

28 

7.9 

225 

40 

...do 

7.9. 

Kov.  1 

13.8 

350 

20 

Curve  (1) 

16.1 

29 

7.7 

229 

41 

...do 

8.1 

2 

13.7 
13.6 
13.6 

do 

....... 

30 

7.6 

...do 

8 

...  do  ...... 

4 

553 

21 

...do 

15.9 

Dea  1 

7.6 

237 

42 

Curve  (2) 

8.5 

6 

18.7 

843 

22 

...do 

15.5 

2 

7.6 

235 

43 

...do 

8.4 

6 

18.7 

344 

t3 

...do 

15.5 

8 

7.7 

232 

44 

...do 

8.3 

7 

18.6 

835 

24 

...do ...... 

15.1 

4 

&1 

254 

45 

...do 

9.5 

APPKNIMX  Z  Z REPORT  OF  MISSISSIPPI  RIVF^R  COMMISSION.      3437 

Tabulation  IV. — Arkansas  Ciiy-Red  River  Landing  equivalent  gauge  heights — Continued. 


•5 

CS 

> 


1884. 
Dec     6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
.  90 
21 
22 
23 
24 
25 
» 
27 
28 
29 
30 
31 

188S. 

Jn.     1 

2 

8 

4 

1^ 

7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
28 
27 
28 
29 
80 
81 


§ 


8.8 

9.5 

9.8 

10.0 

10.0 

9.8 

9.5 

9.2 

8.7 

8.5 

8.4 

7.9 

7.7 

8.0 

9.0 

10.3 

11.9 

13.4 

14.5 

15.2 

15.8 

16.1 

16.2 

16.3 

17.0 

18.2 

19.4 


aa.4 

21.3 
23.2 
25.4 
27.7 
29.7 
31.5 
32.8 
34.1 
35.2 
35.9 
36.6 
37.2 
37.6 
38.0 
88.5 
3&9 
39.2 
38.4 
39.8 
40.1 
40.4 
40.7 
41.0 
4L2 
41.4 
4L5 
41.6 
41.7 
41.8 
41.8 


I 


257 


264 
250 
262 


256 
239 


234 


261 
291 


332 
365t 
385t 
402t 
412 1 
415 1 
420 1 


421 
449 


484 
522 


*685 
*758 

826 

870 1 

896 


935 1 
971 
982t 
l,0O2t 
l,027t 
1,048 
1.062t 
1,073 
l,004t 
1,101 


1,127 
l,130t 


0 

O 

0* 


ce 
o 


46 


47 
48 
49 


50 
51 


52 


56 
57 


61 
62 


63 
64 
65 


66 


67 


68 


69 


73 
74 


Curve  (2) 
.  .do 


..do 

..do 

..do 

..do 

..do 

..do 

.  -do 

..do 

..do 

.  .do 

......do 

......do 

53  .. .do  ...... 

54  ...do 

do 

66  ' 

Curve  (1) 

..do 

..do 

-.do -. 

.-do 

..do 

.--;.. .do 

69  |...do 

60  !  - . .  do  •«>•■■ 


I 


Curve  (1) 

..-do^ 

...do' 

..-do 

...do 

...do 

...do 

...do , 

...do 


Ciirre  (3) 
...do 


.do 
.do 
.do 
.do 
.do 
.do 
■  do 
.do 


Curve  (4) 

...do 

...do , 

...do , 

...do 


to 


t 


t 


9.6 


10.0 
9.7 
9.0 


0.5 
8.6 


8.4 


9.2 
11.2 


16.4 
17.2 
17.9 
18.3 
18.4 
18.6 


ia7 

19.8 


21.1 
22.6 


27.8 
80.0 
31.9 
83.1 


36.2 
37.] 
37.4 
37.9 
38.5 
39.0 
39.4 
30.6 
40.1 
40.3 


42.6 
42.5 


1885. 

Feb.     1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Mar. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


41.9 
41.9 
41.9 
41.9 
42.0 
41.9 
41.8 
41.7 
41.4 
41.1 

'40.8 
40.5 
40.1 
39.7 
39.2 
88.8 
38.4 

^8.0 
37.7 
37.5 
37.3 
37.1 
36.9 
36.8 
36.8 
36.4 
35.9 
35.3 


l,135t 
1,133 


l,135t 
1, 140 1 
1, 137 
1,130 
l,116t 
1.085t 
l,060t 
1,043 
l,020t 
l,000t 
979 
955 1 
943 
9181 
900 1 
886 
884 
871 


g 

I 


I 


75 


76 
77 
78 
79 


80 
81 
82 


83 

■  «  *  • 

84 
85 


870 
863 
845 1 
815 
793 


I 


34. 
33. 
83. 
32. 
31. 
30. 
20. 
29. 
28. 
28. 
28. 
28. 
28. 
29. 
29. 
30. 
30. 
31. 
32. 
32. 
33. 
33. 
31. 
34. 
34. 
35. 
35. 
35. 
35. 
35. 


768 1 

728 

705 

670 1 

663 

638 

625  t 


617 


624 


86 
87 
88 


89 
90 


91 
92 


93 
94 


95 
96 
97 


98 


99 


621 
623 


100 
101 


Curve  (4) 

— do 

...do 

— do  ...... 

.'..do , 


Curve  (5) 

. . . do 

...do , 

...do ' 

...do 

...do , 

...do 

. .  .do , 

...do 


Curve  (4) 

..  .do 

. .  .do 

..do 

..do 

...do 

...do 

...do 

...do 

. . -do 


Ciiri'e  (4) 

. .  .do 

...do 

...do 


Curve  (6) 

..do 

...do 

..do 

...do 

..do 

..  .do 

...do 


42.7 
42.6 


42.7 
42.8 


43.2 
42.4 
41.9 
41.5 
41.0 
40.5 
40.0 
39.4 
39.1 


36.5 
36.5 
36.2 


36.1 
36.0 
35.5 
34.7 
34.0 


33.3 
32.1 
31.5 
80.4 


27.6 
27-3 


27.6 


27.4 
27.5 


*Tliese  were  scaled  firom  oomparison  of  CarroHton  and  Bed  Biver  Landing  sequence. 
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Tabulation  V. — ArJcansas  City  normal  curves,  with  the  corresponding  Red  Eiver  Land^ 
ing  equivalent  gauge  heights,  on  the  various  lines  of  the  equivalent  gauge  relation,  giving 
the  various  Red  River  Landing  normal  curves. 


ArkansAs  City 

Bed  Rirer  Landing  equivalent 
gauge  on  hnos. 

Yalnes  of  diBcbarge  scaled  ox 
kanaas  Cit^'  normal 

\  the  Tariona  Ar- 
cnrves. 

gaage. 

a. 

1 

2 

3 

4 

1 

2 

3 

4 

5 

>6 

7 

8 

4 

4.85 

6.50 

8.15 

9.80 

11.45 

13.10 

14. 75 

16.39 

18.04 

19.69 

21.34 

4.25 

5.90 

7.55 

9.20 

10.85 

12.50 

14.15 

10.05 
11.70 

10.45 
12.10 

9.55 
11.20 
12.85 
14.50 
16.15 
17.80 
19.45 

128 

160 

193 

229 

269 

810 

356 

404 

454 

509 

566 

626 

691 

759 

829 

903 

983 

1,066 

1,150 

1,241 

1,336 

1,435 

1, 539 

158 
191 
227 

2m 

307 
352 
400 
451 
505 

6 

8 

13.35  ,13.75 
15.00   15.40 
16.65   17.05 
18.30  il8.70 
19.95  20.35 

10 

12 

14 

16 

18 

15. 79  l21. 59  i21. 99  i21.  09 

20 

17.44   23.24  123.64 

22.74 
24.39 
26.04 
27.69 

22 

19.09 
20.74 
22.39 
24.04 

24.89  '25.29 
26.  54  126. 94 
28.19  (28.59 

429 
481 
536 
595 
657 
724 
792 
865 

(U9 

402 

453 

507 

503 

624 

689 

756 

827 

902 

981 

1,063 

1,149 

1,238 

24 

527 
583 
645 
710 
779 
850 
026 
1,005 

52  i 

26 

578 
639 
703 
772 
843 
919 

...... 

547 
605 

670 
736 
805 
879 

28 

99.84  '30.24   29.34 

573 

30 

25.68   31.48  ,31.88 

30.98 
32.63 
34.28 
35.93 
37.58 
39.23 
40.87 
42.32 
43.97 

635 

34 

27.33 
28.98 
30.63 
32.28 

33.13   33.63 
34.78  35.18 
36.43  36.83 
38.08  38.48 
39.73   40.13 

701 
760 

36 

840 

38 

998       957 
1  ftil 

016 

40 

33.93 
35.57 
37.  22 

1,090  ,i  023 
1, 178  ,1, 107 
1,270  11,196 
L365   l-2Aft 

900 

42 

41.37 
43.02 
44.67 

41.77 
43.42 
45.07 

— ,  -— — 

44 

46 

38.87 
40.52 

48 

*^   WW 

...... 

Tabulation  VI. — Arkansas  City  and  Red  River  Landing  sequences  of  discharge,  udfh  in- 
crements between  the  points.  >- 


I 


I 

s 


1884. 
Oct.  11 
1<2 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
1 
2 
3 
4 
5 
6 
7 
8 


Nov. 


14.5 
15.3 
15.9 
16.4 
16.5 
16.4 
16,1 
15.7 
15.5 
15.3 
15.2 
15.2 
15.2 
15.2 
15.3 
15.3 
15.2 
15.0 
14.7 
14.4 
14.1 
13.8 


13. 
13. 
13. 
13. 
13. 
13. 


Curve  (a) 

...do 

...do 

, .  .dd 

. . .  do , 

, .  .do 

...do 

...do 

. .  .do 

...do 

..do  ...... 

, .  .do , 

..do 

..do 


13.4 


Curve 

. .  .do  .. 

..do  .. 

. .  .do  .. 

. . do  . . 

...do  .. 

...do  .. 

.  .do  .. 

...do .. 


(1) 


be 
B 

§  to 

I 


& 


o 

6 

n 

OB 

B 

S 


406  I 
403  I 
395  ! 

377  , 

370 

368 

368 

[i6H 

368  , 

37U 

370 

368 

362 

3«J 

359 

355 

34G 

343 

340 

340 

343 

.343 

340 

335 


480 
477 
46:i. 
447 
430 
417 
4l>7 
404 
410 
412 
412 
412 
407 
402 
394 
385 
376 
366 
H.'iO 
357 
361 
308 
370 
368 
363 


i1 

U"^  CO 

«o  a 
£  fe  S 


-74 
74 
68 
64 
53 
47 
39 
36 
42 
44 
42 
42 
39 
40 
34 
26 
21 
20 
16 
17 
21 
25 
27 
28 
-28 


S 

60 


1884. 

Nov.  9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Dec.   1 

2 

\i 

4 

5 

6 

7 


60 

g 

bO 

.9 

« 

Pi 


13.3 

13.2 

12.9 

12.6 

12.2 

11.9 

11.5 

11.0 

10.6 

10.1 

9.7 

9.3 

8.9 

8.6 

8.6 

8.3 

8.1 

8.0 

7.9 

7.9 

7.7 

7.6 

7.5 

7.5 

7.7 

8.1 

8.8 

9.5 

0.8 


Curve  (1) 

..do 

.  .do 

.  .do 

..do 

.  .do 

Ciirvo'(2) 

. .  do 

.  .do 

.  .do 

. .  do 

.  .do 

. .  do 

.  .do 

.  .do 

..do 

.  .do 

.  .do 

..do 

..do 

.  .do . 

.  .do 

. .do  .....I 
..do ...... 


332 
3.30 
321 
313 
303 
296 
291 
286 
281 
276 
271 
268 
258 
251 
251 
245 
240 
237 
2,35 
235 
231 
229 
226 
226 
231 
240 
257 
273 
280 


I 


I 


361 
357 
351 
342 

328 
313 
307 
298 
289 
280 
270 


256 
255 
252 
250 
247 
247 
247 
242 
241 
239 
237 
239 
247 
252 
272 
287 


—20 
27 
30 
29 
25 
17 
16 
12 
8 

—  4 

+  1 
+  5 

—  2 
5 

4 

7 

10 

10 

12 

12 

11 

12 

13 

11 

8 

-7 

+  5 

+  1 
-7 
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Tabuijlttok  yi. — ArJcansaa  City  and  Red  Biver  Landing  sequences  of  discharge,  with  in^ 

erements  between  the  points — Continued. 


! 


I 

I 


1»4. 

8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 


21 


24 


27 


I 


29 
80  ; 
31  1 


( 


1 

2 

« 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 


Zl 
22 


27 


30 

31 

l^bu     1 


10.0 
10.0 
9.8 
9.5 
9l2 
8-7 
&5 
8.4 
7.9 
7.7 
8.0 

ao 

10.3 
11.9 
13.4 
14.5 
15.2 
15.8 
16.1 
16.2 
16.8 
17.0 
18.2 
19.4 

20.4 

21.3 

23.2 

25.4 

27.7 

29.7 

31.5 

32.8 

34.1 

3S.2 

86.9 

36.6 

87.2 

87.6 

38.0 

38.5 

88w9 

3ft2 

89.4 

8a8 

40.1 

40.4 

40.7 

41.0 

41.2 

41.4 

41.5 

41.6 

41.7 

41.8 

41.8 

41.9 


I 


I 


Cnrvd  (2) 


...do.. 

...do.. 

...do.. 

...do.. 

...do.. 
...do-. 

...do.. 

...do.. 

...do.. 

...do.. 

...do.. 

Cmre 

a) 

...do.. 

1  •  ■  •  • 

...do.. 

k  •  ■  ■  ■ 

...do .. 

k  •  •  »  • 

...do.. 

■  ■  •  •  • 

...do.. 

R  •  •    •   ■ 

■  •  •  ■    ■ 

■  ■  •   •  • 

■  •  •  *  « 

Cnrre 

■  •  •  •  • 
ft  •  •   ■    • 

'(3)' 

...do.. 

...do. 

■  a  «  «  • 

...do.. 
...do.. 



Carre 

w 

...do. 

...do. 

...do.. 

...do.. 

...do.. 

. .  .do . . 

...do- 

io 

*  •  • 

» •  •  • 

irve 

"(6)" 

...do. 
. .  .do . 
...do. 

k  «   •  «  « 

. .  .do . 

...< 

lo. 

^1 


286 
286 
280 
273 
267 
253 
250 
247 
235 
230 
237 
260 
293 
830 
348 
866 
886 
403 
413 
416 
419 
424 
435 
449 

468 

485 

522 

660 

605 

684 

748 

813 

874 

895 

915 

935 

962 

982 

1,002 

1,027 

1,048 

1.062 

1,072 

1,094 

1,103 

1,115 

1,118 

1,120 

1,120 

1,120 

1,116 

1,120 

1,125 

1.130 

1,130 

1,135 


301 
805 
301 
287 
273 
260 
247 
234 
227 
220 
218 
242 
276 
312 
835 
858 
385 
403 
412 
413 
412 
402 
385 
358 

341 

350 

866 

432 

626 

610 

690 

777 

843 

870 

899 

930 

954 

973 

985 

,001 

,017 

,039 

,072 

,099 

,107 

.118 
,114 

,108 
,103 
,090 
,082 
,087 
,087 
,087 
,091 
,096 


—15 
19 
21 

1* 
6 

—  7 
+■3 

13 

8 

10 

19 

18 

17 

18 

13 

8 

1 

0 

1 

8 

7 

22 

50 

-i-91 

+127 

135 

156 

128 

79 

74 

58 

36 

31 

25 

16 

6 

8 

9 

17 

26 

31 

23 

+  0 

—  6 
4 

—  4 

+  4 
12 
17 
30 
33 
33 
38 
43 
39 

-HO 


I 

a 

9 

u 

> 

p3 


1885. 

Feb.     2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 


Mar. 


8i 

9 

Si 
to 


> 


41.0 
41.9  j 

41.0  , 
42.  0 
41.9  ' 
41.8  ; 
41.7  ! 

41.4 ; 

41.1  ! 
40.8 
40.5  t 
40.1 
39.7 
39.2 
38.8 
38.4 
38.0 
37.7 
37.5 
37.3 
37.1 
36.9 
36.8 
36.8 
36.4 
35.9 
35.3 
34.6 
33.9 
33.2 
32.2 
31.3 
30.5 
29.8 
29.3 
28.9 
28.6 
28.5 
28.6 
28.7 
29.1 
29.6 
30.2 
30.8 
31.4 
82.0 
32.4 
33.0 
33.6 
34.1 
84.3 
34.6 
35.0 
36.1 
85.2 
36.3 
86.8 


4$ 

I 

a 

I 


Curve  (5) 
.do 
.do 
.do 
.do 
.do 


Curve 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Curve 
.do 
.do 

.do 

.do 
.do 
.do 
.do 
.do 
.do 


Curve 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Curve 
.do 
.do 
.do 
.do 


Curve 

.do 

.do 


(6) 


(7) 


(8) 


(9) 


(10) 


1.135 
1,135 
1,135 
1,U1 
1, 135 
1,  l'6i) 
1.115 
1,090 
1,062 

i,o:jo 

1.  020 
1,  0(M) 
i>81 
957 
937 
018 
800 
88.') 
875 
8«« 
8(57 
807 
8«3 
863 
846 
824 
798 
768 
738 
708 
660 
652 
641 
6n2 
625 
621 
610 
606 
610 
614 
629 
619 
671 
681 
685 
700 
725 
750 
775 
785 
795 
801 
81  »5 
804 
808 
811 
811 


1,095 

,1,  005  I 
1,005  I 
1,0{)5  ' 
1,PH2  I 
1.055 
1,022  I 
981  I 
'  9t0  I 

894 
i  H49  I 
'  804  I 
!  770  I 
'  749  I 
I  732  I 
.  738 
'  745 
743 
'  738  I 
730  ' 
730 
734 
7;«) 
724 
706 
08:) 
657 
622 
577 
540 
494 
474 
46.3 
463 
460 
460 
466 
480 
493 
512 
535  1 

500  I 

616  I 

634  I 

666  I 

600  i 

700  ' 

729  I 
7.'»3 

770  ' 
789 

700  i 

702  . 

705  ■ 

803  . 

800  I 


+40 

40 

40 

46 

53 

75 

93 

109 

122 

142 

171 

196 

211 

208 

205 

180 

154 

142 

137 

136 

137 

133 

133 

139 

140 

141 

141 

146 

161 

168 

175 

178 

178 

169 

165 

161 

144 

126 

117 

102 

94 

95 

81 

65 

51 

43 

35 

41 

46 

32 

25 

12 

15 

12 

13 

8 

+  11 
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Tabulation  VII. — Bed  Birer  Landing-CarroWtyn  cquiralait  gauge  heights. 


Nov. 


1884. 
Oct.  15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
1 
2 
3 
4 
5 
6 
7 
8 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


Boo. 


3.55 
3.60 
3.25 
3.05 
2.90 
3.10 
3.10 
3.15 
3.30 
3.55 
3.30 
3.60 
3.80 
3.50 
3.50 
3.10 
2.85 
2.60 
2.40 
2.45 
2.40 
2.55 
2.45 
2.55 
2.45 
2.40 
2.20 
2.20 
2.20 
2.05 
1.95 
1.75 
1.30 
1.40 
1.45 
1.26 
1.15 
1.05 
1.50 
1.50 
1.45 
1.20 
1.35 
1.40 
1.40 
0.80 
0.55 
0.40 
0.35 
0.55 
0.50 
1.15 
1.85 
1.50 
1.35 
1.30 
1.50 
1.40 
1.45 
1.10 
1.10 
1.06 
0.70 
0.65 
0.70 
0.56 
0.50 
1.10 


bo 


o 

« 

o 
"A 


I 

•FN 


9 


•a 


S 

9 


OB 

B 

« 

s 


I 
1 


< 

el 

k 

•r« 

r* 

P 

r 

bCi 

P  U' 

•"    rS^ 

'-'fl 

^  ^ 

*'-« 

u  -  1 

s 

rs 

n 

(A 

6.4 
6.5 
6.4 
6.1 
5.  7 
.5.5 
6.3 
5.2 
5.2 
5.  2 
,5.2 
5.3 
5. 3 
5.2 
5.0 
4.7 
4.4 
4.1 
3.8 
3.7 


7   I 


3.6 
3.  0 
3.7 
X7 
3.6 
3.4 
3.3 
3.2 

2.6 
ft«. .« 
1.9 
1.5 
1.0 
0.6 
0.1 
9.7 
9.3 
8.9 
8.6 
8.6 
8.3 
8.1 
8.0 
7.9 
7.9 
7.7 
7.6 
7.5 
7.5 
7.7 
8.] 
8.8 
9.5 
9.8 
10.0 
10.0 
9.8 
9.5 
9.2 
8.7 
8.5 
8.4 
7.9 
7.7 
8.0 
9.0 
10.3 


2 


1884. 

I)ef.    22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1885. 

•Jan.     1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 


Feb. 


a 
o 


E 


2.20 
2.45 
2.70 
2.90 
2.90 
3.20 
3.40 
3.80 
3.85 
4.10 

4.50 
4.85 
5.  25 
6.85 
7.95 
8.00 
8.45 
9. 15 
9.85 
10.40 

n.oo 

11.20 
11.50 
11.65 
11.95 
12.40 


9 

u 

a 

X 


§ 


es 


.326 
343 
357 

387 


a 
o 


o 
o 
o 


437 


55  I  Curve  (1) 
66  !...do 

57  I. ..do 

58  ...do 

....'...do 

....I. ..do 

59  |...do 


675  t 
736 

803 
827 


12.55 
12.45 
12.80 
12. 95 
13.55 
13.  55 
13.15 
13.20 
13.20 
13.30 
13.40 
13. 45 
13. 45 
13.55 
13.45 
13.55 
13.60 
13. 40 
13.40 
13.45 
13.35 
13. 45 
13.45 
13.25 
13.00 
13.15 
12,95 
13.00 
12.  40 
12.55 
12.  30 
12.30 
12.25 


901 
915  t 
929 


972 
975 


1043 
1042 
1043 
1045  t 


1047 


63  1  Curve  (3) 

64  ...do 

65  ...do 

66  ...do 


68 
69 

70 


72 
73 


76 

77 
78 
79 


Curve  (4) 

..  .do 

. .  -do 

...do 

. .  -do .' 

..do 

...do 

...do 


81 


1040 


83 


Curve  (5) 

...do 

. .  .do 

. .  .do 

...do 

...do 

. . . do 

...do 

...do 

...do 

...do 

...do 

...do 


989 
980 
956 


930 


12. 10 
12.10 
12.  00 
12.  0.'> 


850 


12.  00 
11.90 
11.80 


86 

87 
88 


89 


92 


Curve  (6) 

...do 

..  .do 

...do 

...do 

...do 

...do 

...do 

. .  .do , 

..do 


3 


s-a 


f4 


Curve  (7) 

...do 

...do 


;3. 1 
13.7 
U.2 
15.2 


16.0 


29.5 
31.0 
32.6 
33.1 


.35.0 
36.2 
36.5 


37.4 
87.5 


40.1 
40.0 
40.1 
40.1 


40.1 


40.0 


39.3 
39.7 
39.2 


38.6 


37.0 
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Tabulation  YII. — Bed  Biver  Landing-CarrollUm  equivalent  gauge  heighU — Continued. 


S 

a 

S 

a 


1885. 

F«b.  27 

28 

1 

2 

8 

4 

5 

6 

7 

8 

0 

10 

U 

12 


11.75 

11.40 

11.35 

11. 15 

10.85 

10.70 

10.30 

0.90 

9.55 

9.10 

8.85 

8.70 

R.70 

&70 


I 

.a 

a 

5 

;3 


o 


819 


743 
717 
682 
665 


621 
612  t 


98 


99 
100 
101 
102 


1 

P. 

1 

i 

^ 

i 

^ 

1 

e 

► 

^ 

S 

• 

o 

•s 

^ 

« 

Carve  (7) 

...do 

...do 

..do 

...do 

. .  .do 

..do 


106 
107 


Cone  (8) 

. .  .do 

...do 


85.8 


34.0 
33.4 
32.6 
32.1 


28.9 
28.7 


1885. 
Mar.  18 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 


8.70 

8.80 

9.10 

9.45 

9.55 

9.75 

9.90 

10.15 

10.60 

10.70 

10.70 

10.90 

11.00 

1L20 


615 
616 


649 
666 


684 
705  t 
710 


720 

740 


I 


108 
109 


UO 
lU 


113 
114 
115 


116 
117 


I 
9 

I 


Curve  (8) 

...do 

...do 

...do 

...do 


Curve  (9) 
. . .do ..... 

...do 

...do 

...do 

. .  .do 


> 

I 

P4 


28.7 
28.7 


29.6 
30.0 


8L6 
81.0 
32.0 


32.4 
32.8 


Tabulation  Vlll. — Bed  Bwer  Landing  normal  curves,  with  the  corresponding  Carrollton 
equivalent  gauge  heights  on  the  line  of  the  equivalent  gauge  relation,  giving  the  various 
VarrolUon  normal  curves. 


Ked  Kiver  Land- 

CaiTolIton 

equivalent 

gttoge. 

Yalues  of  discharge  aoaled  on  the  various  Bed  Biver  Landing  normal 

curvea. 

ing  gaage. 

1 

3 

4 

5 

6 

8 

9 

4 

—1.47 

-0.65 

-f0.18 

1.00 

1.82 

.2.65 

3.47 

429 

6.12 

5.94 

6.76 

7.69 

8.41 

9.23 

10.06 

10.88 

11.71 

12.68 

13.35 

14.16 

15.00 

15.82 

123 

161 

203 

247 

298 

851 

410 

473 

540 

611 

600 

773 

860 

953 

1,051 

1.165 

1,266 

1,884 

1,605 

6 

8 

W 

12 

.^. ....... 

14 

W 

18 

» 

22 

34 

478 
548 
610 
697 
780 
868 
962 
1,062 

375 
4U 
500 
571 
645 
723 
807 
899 
996 
1,097 
1,201 

% 

508 

577 

651 

732 

816 

906 

1,002 

1,104 

1,211 

463 

530 

601 

678 

760 

847 

940 

1,030 

1,142 

1,249 

520 

580 
66:? 
746 

•  ■•.••  -«. . . 

38 

557 

» 

r>:n 

32 

708 

N 

IQ'.i 

36 

883 

38 

♦1 

42 

1 

44 

46 
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m 

s 

♦< 

■a 

•o 

M 

1 

t 

i 

S 

^ 

Ul 

p, 

^ 

^ 

g 

'A 

•s 

.M 

'2 

o 

« 

> 

1884. 

Oct.  15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

20 

30 

31 

Nor.  1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

Beo.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

20 

21 


18.00 

17.00 

17.55 

16.05 

(16.45 

15.05, 

16.70' 

15.65, 

115.75 

15.851 

15. 85 

,15. 75 

|15. 65 

15.20 

15.00, 

14.65 

14  25 

13.95 

13.  70 

13.65 

13.75 

,13.00 

114. 06 

13.85 

13. 70 

,13.60 

13.40 

113. 10 

12.70 

12.15 

11.60 

10.05 

10.30 

0.75 

0.20 

8.70 

8.20 

7.70 

7.20 

6.00 

6.50 

6.50 

6.30 

6.20 

6.10 

6.00 

5.00 

6.80 

5.70 

6.90 

6.05 

6.95 

7.76 

8.45 

0.05 

9.05 

8.80 

8.30 

7.70 

7.00 

6. 25, 

6.601 

6.10 

4.85 

6.10 

6.30 

8.30 

10.20 


§ 


2 

o 

o 
u 


406 
403 


I. 


305  10 
3831  11 
377!-... 
870t  12. 
368  13 
368  14 
368....! 
368  15 
370  16 
370  ... . 
368.... 
362  17 
360.... 
359  18 
355  10 
346  20 
343 
340 

3401  21 
3431  22 
343  23 
340  24 
335  25 
382 ... . 
330 
821 
313 

303:    29 
206 

201     31 
286 


281 
276 

271     34 
268     35 
2o8     36 
251 
251 


245 

2401    38 

237!    30 

235  .... 

235|    40 

2.311    41 

229 

226     42 

22(5 

22  i      44 

240     45 

257 

273 

280 

286     47 

286     48 

280     40 

273 

267 

253 

250 

247 

235 

230 

237 

260 

203 

330 


42. 40 
I4I.45 
'40.00 
'39. 95 
39.25 
rJ8.50 
37.60 
37.20 
'36.70 


34.00 
34.40 
34.25 
34.40 
34.50 
34.45 
34.46 
33.80 


*To  DMembar  18,  the  Arkansas  City  Q's  are  taken  as  Ticksbnrg  approximate  ()'a. 
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Tabulation  IX. — Arkansas  City-Vicksburg  equivalent  gauge  heights — Continued. 


760 

105 

775 



785 

106 

795 

107 

801 

805 

804 

808 

811 

811 

108 

11 

14 
18 
201 
22 
24 
25 
25 
24 
-23 


< 


632,  Curve  (6)  .  27. 80 

652' !.■■•• 

eePi  Curve  (7)  .  30. 00 


.do 31.00 

.  .clo '31.75 

..flo ;{2.70 

..do 33.50 

..do 34.00 


702 

728'. 

761 

789. 

8031. 

815  . 

823' 

829. 

829;, 

833 1  Curio  (8)  .3.5,80 

KJ5'...do ;!.i.H5 

834  ...do Vh.tCo 


Tabulation  X. — Arkansas  City  normal  curves,  with  the  corresponding  Vickshurg  equiva- 
lent gauge  heights  on  the  various  lines  of  the  equivalent  gauge  relation,  giving  the  various 
Fidksburg  normaX  curves. 


Arkansas  City 

ViclcHbnrg  equiva- 
lent gauge  on  lines. 

Values  of  discharge  scaled  on  the  various  Arkansas  City 

normal  curves. 

gauge. 

1 

2 

1 

2 

3 

4 

5 

6 

4 

0.66 

2.79 

4.91 

7.04 

9.17 

11.30 

13.43 

15.56 

17.60 

19.81 

21.94 

24.07 

26.20 

28.:kj 

yo.  46 
32.59 
34.71 
36.84 
38.97 
41. 10 
43.23 
45. 36 

1.36 
3.49 
5.61 
7.74 
0.87 
12.00 
14.13 
16.26 
18. ;» 
20. 51 
22. 64 
24.77 
26.90 
29. 0:5 
31.16 
33. 29 
35.41 
37.54 
39.67 
41.80 
43. 93 
46.06 

128 
160 
193 
229 
269 
310 
:)56 
404 
454 
509 
566 
626 
691 
759 
829 
903 

98:{ 

1066 
1150 
1241 
13^6 
1435 

158 
191 
227 
266 
307 
352 
400 
451 
505 

fl 

g 

r 

1 

10 

1 

1 
J 

12 

::::::■■  i": : 

14 

16 

18 

1 '* 

1 

20 

"» 

429 

481 

536 

595 

657 

724 

792 

865 

942 

1023 

1107 

1196 

1288 

402 

~ 

34 

527 

583 

645 

710 

779 

850 

926 

1005 

1090 

1178 

1270 

1365 

453 

507 

563 

624 

689 

756 

827 

902 

981 

106:) 

1149 

12:J8 

621 

26 

678 

28 

6:19 

30 

io:\ 

32 

772 

34 

843 

36 

919 

38 

9!-d 

40 

42 

44 

46 

.-i 
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FAPKR  BY  LIEUTENANT-COLONEL  OHAS.  R.  8UTER,  CORPS  OV  ENGINEERS;  ON  EFFECTS 
OF  CREVASSES  UPON  GAUGE  READINGS  BELOW  BED  RIVER  DURING  HIGH  WATER 
OF  1890. 

St.  Louis,  Mo.,  March  16, 1891. 

General  :  As  great  interest  was  felt  last  year  in  the  behavior  of  the  Mississippi 
below  the  junction  of  the  Red,  and  many  conjectures  were  made  as  to  the  heijo^iits 
that  '^gula  have  been  reached  had  no  crevasses  occurred,  I  have  had  the  matter  in- 
vestigated as  far  as  the  data  at  my  command  would  allow,  and  the  conclusions 
reached  are  herewith  submitted  to  the  Commission. 

In  this  investigation  I  have  used  the  method  of  gauge  relations,  fully  explained  in 
previous  papers,  which  is  specially  applicable  in  this  case,  owing  to  the  short  dis- 
tance between  the  gauges  and  to  the  general  regularity  of  the  gauge  records  in  this 
part  of  the  river.  As  Red  Rivor  Landing  is  below  the  last  tributary  of  the  Missis- 
sippi it  was  decided  to  take  its  gauge  record  as  the  standard  with  which  the  others 
should  be  compared.  The  plates  herewith,  numbered  III  and  lY,  give  the  gauge 
relations  between  Red  River  Landing  and  Bayou  Sara,  Baton  Rouge  and  Carroll  ton. 
Those  diagrams  show  that  the  effect  of  the  crevasse  at  Nita  while  apparent  at  Baton 
Rouge  is  barely  perceptible  at  Bayou  Sara,  hence  Red  River  must  have  been  beyond 
its  influence,  and  can  safely  be  taken  as  the  standard  up  to  the  period  of  the  Mor- 
gauza  and  other  later  breaks.  These  crevasses  had  a  very  marked  effect  at  Red 
River,  and  are  easily  traced  on  the  Natchez  and  St.  Joseph  hydrographs.  VioksburK 
was  also  apparently  aff'ected,  but  to  such  a  small  extent  that  it  has  been  deemed 
possible  to  deduce  the  probable  Rod  River  Landing  gauge  heights,  after  the  Mor- 
ganza  breaks,  from  the  Vicksburg-Red  River  Landing  gauge  relation  in  the  manner 
explained  further  on  (Plate  Vlll).  Other  gauge  relations  are  also  given,  viz, 
Bayou  Sara-Baton  Rouge,  Plate  V :  Baton  Rouge-Plaquemine,  College  Point,  Plate 
VI;  and  Baton  Rouge-CarroUton,  Plato  VII.  This  latter  plate  also  shows  the  rela* 
tions  Plaquemine-CoUoge  Point,  and  College  Point-Carrollton.  These  various  gauges 
are  below  Red  River  Landing  and  at  the  tbllowiug  distances  therefrom:  Bayou  SarA, 
34.2 miles;  Baton  Rouge,  68  miles ;  Plaquemiue,  88.2  miles ;  College  Point,  137.7 miles ; 
(^larroUton,  191.7  miles.  The  time  iutt'ivalH  used  in  platting  these  gauge  relations 
are  indicated  on  the  diagrams.  Thc;  Nita  Crevasse  was  about  4  miles  above  the  Col- 
lege Point  gauge,  Morganza  was  10  miles  above  Bayou  Sara,  the  others,  mostly  small 
breaks,  were  near  Baton  Rouse.  The  straight  lines  drawn  on  these  various  diagi-ams 
give  what  seem  the  most  prooablc  relation  between  the  different  gauges  for  the 
])eriod  preceding  the  formation  of  thn  crevasses,  and  the  assumption  maae  is  that  if 
no  crevasses  had  occurred  this  relation  would  have  held  to  the  top  of  the  flood.  Tli« 
heights  which  would  have  been  reached  at  the  various  gauges  in  order  to  correspond 
t«o  the  actual  Red  River  Landing  gauge  readings  can  be  sciued  at  once  from  the  va- 
I'ious  diagrams  given,  and  these  deduced  readings  are  shown  by  dotted  lines  on  Plate 
I  for  each  gauge,  the  actual  hydrograpli  being  indicated  by  a  full  line.  After  the 
Morganza  breaks  the  Red  River  Landing  probable  readings  have  been  deduced  from 
Vicksburg,  and  also  the  corresponding  elevations  for  points  below.  These  elevations 
are  shown  by  a  series  of  dotted  and  dashed  lines  above  the  first,  and  extend  some 
distance  beyond  the  crest  of  the  flood.  To  show  the  measure  of  accuracy  to  be  ex- 
pected by  this  method,  the  deduced  readings  are  given  from  the  beginniuff  of  the 
flood  in  January,  1890,  for  each  gauge.  On  the  diagram  are  also  marked  tne  dates 
of  all  crevasses  with  their  measured  discharge.  It  should  be  noted  that  this  dia- 
gram is  platted  to  Red  River  dates,  time  intervals,  as  already  mentioned,  being  used 
for  points  below  Red  River  Landing. 

Plate  VIII  shows  the  Vicksburg-Red  River  Landing  gauge  relation ;  the  line  marked 
standard  is  the  line  giving  this  relation  for  equal  discharges  as  determined  by  the 
1884-'85  observations.  The  deviations  from  this  line  are  no  greater  than  might  be 
leiisonably  anticipated  from  the  tributary  effect  of  Red  River  till  March  15,  when 
Die  Raleigh  break  produced  a  rapid  fall  at  Vicksburg,  Red  River  remaining  about 
stationary.  The  return  flow  of  the  Yazoo  seems  to  have  begun  about  Apiil  1,  and 
the  Vicksburg  gauge  rises  again.  About  the  same  time  the  return  flow  from  the 
Tensas  at  RedKiver  Landing  begins,  and  both  gauges  rise  on  a  line  considerably 
oblique  to  the  standard.  April  22  the  Morganza  breaks  occurred  and  Red  River  fell 
rapidly,  while  Vicksburg  continued  to  rise  tiU  the  25th,  when  it  came  to  a  stand, 
and  so  remained  till  the  27th,  when  it  also  began  to  fall.  I  infer  that  if  the  Mor- 
ganza breaks  had  not  occurred  the  two  gauges  would  have  risen  on  the  line  men- 
tioned until  the  Vicksburg  maximum  had  been  reached,  and  would  then  have  fallen  \^ 
<»n  a  line  parallel  to  the  one  actually  noted.  Dotted  lines  show  these  probable  rela- 
1  ions,  and  from  them  the  Red  River  Liinding  gauge  heights  are  deduced  and  used  in 
determining  the  elevations  below.  There  were  a  few  breaks  between  Vicksburg  and 
Red  Rivor  Landing,  mainly  near  Natchez,  which  occurred  about  the  same  time 
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the  Morganza,  hnt  it  is  probable  that  their  ofiect  at  Red  River  Landing  was  small, 
as  the  water  must  have  retnmed  to  the  river  ahnost  immediately,  and  in  any  event 
the  Morganza  breaks,  by  drawinc  down  tho  water  suriace  at  Red  River  Landing, 
mnst  have  considerably  increased  the  return  flow  from  the  Tensas. 

The  Raufipe  relation  Red  River  Landiug-Carrollton  is  about  0.6'  higher  than  the  one 
which  has  heretofore  held  while  the  river  has  been  confined  between  levees.  No  rea- 
son is  known  for  this  change  nor  whether  it  is  permanent.  It  is,  however,  sugges- 
tive that  a  similar  change  occurred  in  1880  after  the  low-flood  year  of  1879,  while  the 
flood  of  1890  was  preceded  by  the  very  low  flood  of  1889. 

The  following  table  gives  the  equivalent  reading  at  the  various  gauges  firom  which 
the  lines  of  gauge  relation  here  used  can  be  reproduced. 


Bed  River  !«„„«„  «-«« 
Landing.  iBayonSarft. 

1 

Baton 
Boage. 

Plaqne- 
mine. 

College 
Point. 

Ca]TOlli<m. 

Fttt. 
10.0 
40.0 

Feet. 
4.5 
30.1 

Feet. 

6.1 

3«.0 

Fe€t. 

3.8 

31.8 

Feet. 

1.8 

24.4 

Feet. 

0.0 

16.5 

Plate  n  gives,  in  tlie  shape  of  profljes,  the  same  information  as  Plate  I,  the  points 
where  these  profiles  are  taken  being  indicated  by  corresponding  numbers  on  Plate  1. 

From  this  study  I  infer  the  following  as  the  maximum  lieights  which  might  have 
been  reached  had  no  crevasses  occurred  below  Red  River;  they  are  given  in  tabular 
form,  with  the  actual  maxima  reached  in  each  case. 


Red  River  landing 

Bayon  Sara 

Baton  Rotige 

Plaqneminc 

College  Point 

Carrolltoii 


Actual 
maximom. 


Feet. 
48.67 
41.2 
30.6 
31.9 
2:^.9 
16.1 


Compnted 
max  imam. 


Feet. 
49.0 
42.0 
38.5 
34.2 
26.3 
17.85 


Diflereuce. 


Feet. 
-f  0. 3n 
+0.8 
+1.9 

+2.:j 

+2. 4 
+1.7:. 


Tlie  effect  of  the  enormous  crevasse  at  Nita  is  also  a  matter  of  much  interest.  It 
can  readily  be  deduced  from  the  diagram  on  Plate  I  up  to  the  dates  of  the  Morgan za 
and  other  breaks;  after  this  time  the  combined  eftect  of  all  the  crevasses  is  shown. 
The  maximum  efi'ect  of  tho  Nita  while  acting  alone,  and  at  a  time  when  its  discharge 
is  estimated  to  have  been  between  300,000  and  400,000  cubic  feet  per  second,  is  shown 
by  the  following  table,  the  last  column  being  the  depression  at  each  gauge  due  to 
the  crevasse : 


Red  River  T^Audtng 

Bayou  Sara 

Baton  Rouf^c 

Plaq  ueiiiin« 

College  Point 

Carrolltun 


Up.sfrwmi. 


Bifltance 

tram 
crevasse. 


miee. 
"133.7 
*99.5 
*6.'>.  7 
*45.5 
f4.0 
t58.0 


Computed 

height 

Actual 

without 

height. 

crevasse. 

FeeU 

Feet. 

48.4 

48.4 

41.4 

41.2 

38.0 

36.6 

23.8 

31.9 

25.9 

22.4 

17.55 

15.4 

Difference. 


Feet. 

0.0 

(?)-0.-J 

-1.4 

—  1.9 

-  :*.  r> 

-2.15 


t  Dowimtream. 


Very  respectfully,  your  obedient  servant, 

Chas.  R.  Suteu, 
lAetU.  Col.  of  Kngineersiy 
Member  Mississippi  River  Commission, 
Gen.  C.  B.  Comstock, 

President  Mississippi  River  Commission, 
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Appendix  0. 

REPORT  OF  THE  SECRETARY,   MISSISSIPPI  RIVER  COMMISSION. 

ThiB  office  was  under  cbarffe  of  Capt.  Charles  F.  Powell,  Corps  of  EngiDeers,  until 
0(;tobt*r  15,  1890,  wheu  I  relieved  biiu  in  accordance  with  Special  Orders  No.  223, 
HeadquarU'iM  Army,  dated  Washington,  D.  C,  September  23,  1890. 

The  ofticeH  of  secretary  of  the  MiHHiH8i]>pi  River  Commtsniou  and  of  assistant  to 
couHtructiou  (M>mmitt«e  date  from  the  earlier  operations  of  the  Commission.  The 
charge  of  surveys  of  MisRissippi  River  under  act  of  Congress  approveil  August  11, 
1888,  was  given  to  the  secretary,  llie  two  offices  remained  separate  in  place  and  iu 
organization,  though  for  a  time  under  charge  of  the  same  ofiieer,  till  February,  1890, 
when,  with  saviiig  of  office  expense,  they  were  joined  in  place,  remaining  mainly 
distinct  in  organization.  During  the  fiscal  year  a  complete  consolidation  nas  been 
effected  with  further  saving  in  clerical  expense. 

The  works  are  now  carried  on  under  the  following  allotments  from  the  appropria- 
tions approved  September  19, 1890,  and  March  3.  1891,  made  by  the  Commission  and 
approved  by  the  honorable  the  Secretary  of  War :  Missis8ii)pi  River  Commission ; 
surveys,  gauges,  and  observations j  general  service. 

The  allotment  for  Mississippi  River  Commissloir  is  applicable  to  salaries  of  three 
Commissioners,  and  to  expenses  of  offices  and  of  inspections.  All  property  formerly 
held  under  approjmations  for  the  Commission  which  is  suitable  for  the  works  under 
the  latter  two  allotments  has  been  transferred  to  them. 

The  small  balances  ftom  earlier  appropriations  which  appear  in  the  financial  state- 
ment are  set  off  by  outstanding  liabilities  for  telegrams  which  can  not  under  existing 
orders  be  adjusted. 

MISSISSIPPI  RIVER  COMMISSION. 

At  the  beginning  of  the  fiscal  year,  the  salaries  of  the  three  CommiRsioners  not 
otherwise  in  the  service  of  the  United  States  were  in  arresirs  since  A))ri1  19,  1890. 

An  appropriation  approved  September  30,  1890,  provided  for  the  detirieiicy  u]>  to 
the  beginning  of  this  fiscal  year,  and  another  approved  March  3,  1891,  for  that  up  to 
the  date  of  the  current  regular  appropriation ;  these  have  been  applied  to  that  pur- 
pose. 

The  Commission  has  held  three  sessions  during  the  fiscal  year :  At  New  York  Cit v, 
October  1-4,  1890;  from  St.  Louis  to  New  Orleans,  November  18-30,  1890;  from  St. 
Louis  to  New  Orleans,  March  17-24,  1891. 

The  following  papers  presented  to  the  Commission  are,  in  accordance  with  their 
resolution,  appended  hereto : 

1.  A  measurement  of  the  depression  of  the  flood  line  1890,  at  gauge  stations  below 
Red  River  Landing,  firom  contiguous  crevasses.  By  Capt.  Charles  F.  Powell,  Corps 
of  Engineers  (marked  1). 

2.  Statement  of  investigation  and  discussion  of  effects  of  outlets  on  the  bed  of 
the  river  below  them,  by  Capt.  Charles  F.  Powell,  Corps  of  Engineers  (marked  2). 

SURVEYS,   GAUGES,   AND  OBSERVATIONS. 

Field  work. — At  the  beginning  of  the  fiscal  year  the  work  completed  under  tho 
Mississippi  River  Commission  was  as  follows : 

Triangulation,  from  Donaldson ville,  La.,  to  Keokuk,  Iowa. 

Topography,  from  Donaldsonville,  La.,  to  Alton,  ill. 

Precise  levels,  from  Biloxi,  Miss.,  to  Savanna,  111.,  and  thence  to  Chicago,  111., 
connecting  with  Lake  Michigan. 

No  work  of  general  survey  had  been  carried  on  since  season  of  1889. 

On  March  15  Assistant  Engineer  F.  B.  Maltby  was  sent  out  on  preliminary  recon- 
noissance  for  triangulation,  which  was  carried  to  Rapids  City,  a  distance  of  about 
144  miles,  closing  on  April  23. 

On  April  25  a  triangulation  party  under  Assistant  Engineer  Charles  W.  Stewart^ 
assisted  by  Assistant  Engineers  F.  B.  Maltby,  A.  T.  Morrow,  and  George  H.  French, 
was  sent  out,  beginning  operations  on  April  28,  at  the  base  line  established  near 
Keokuk,  Iowa,  in  May,  1881.  This  party  was  also  charged  with  the  establishment 
of  lines  of  permanent  bench-marks  across  the  valley  at  intervals  of  about  3  miles, 
as  hitherto  placed  in  surveys  under  the  Commission. 

The  triangulation  has  been  carried  as  far  as  4  miles  above  Burlington,  Iowa,  a  dis- 
tance of  about  60  miles. 

Number  of  stations  occupied.  31. 

Number  of  triangulation  points  marked,  34. 

Number  of  bench-marks  located,  Gl,  marking  19  stone  lines* 
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On  April  25  a  doable  precise  level  party  under  Assistant  Engineer  0.  W.  Fergu- 
son, assisted  by  Assistant  Engineer  L.  M.  Mann,  was  sent  out.  Mr.  Mann  was  obliged 
to  leave  the  party  on  account  of  sickness,  and  has  been  replaced  by  Assistant  En- 
gineer A.  L,  Johnson.  Tliey  began  operations  at  St.  Paul,  Minn.,  on  May  2,  working 
southward  alone  the  river.    The  line  has  been  carried  as  far  as  Alma^  Wis. 

Number  of  miles  run,  95  (by  river). 

Number  of  permanent  bench-marks  established,  48. 

Connection  has  been  made  with  eauges  at  St.  Paul.,  Minn.,  Hastings  and  Redwing, 
Minn.,  and  with  eleven  bench-niarKs  of  earlier  U.  S.  Engineer  surveys. 

On  April  26  a  single  precise  level  party  under  Assistant  Engineer  James  A.  Paige 
was  sent  out.  It  began  operations  at  Duluth,  Minn.,  working  towards  St.  Paul, 
Minn. 

Number  of  miles  run,  54. 

Number  of  permanent  bench-marks  established,  12. 

Connection  was  made  with  U.  S.  Engineer  gauge  at  Duluth. 

Copy  of  the  Instructions  to  these  parties,  and  to  the  topogi-aphical  parties  which 
will  take  the  field  about  August  1,  is  appended  (marked  3). 

Drawings  and  specifications  of  the  permanent  marks  are  also  appended  (Plate  6).  ^ 

The  above  parties  were  inspected  in  the  field  by  Assistant  Engineer  J.  A.  Ocker- 
son,  June  5-12. 

ManuMoript  ckartg,  etc.,  detail  charts,  scale  1: 10,000, — ^At  the  beginning  of  the  fiscal 
year,  theee  charts  were  completed  (except  titles  and  notes)  from  Donakfsonville,  La., 
to  Chester,  111. :  six  sheets  extending  to  St.  Genevieve  were  in  progress.  This  work  is 
now  completed  (except  titles  and  notes)  as  far  as  St.  Louis ;  two  sheets,  extending 
to  Alton,  111.,  and  covering  the  field  hitherto  topographically  surveyed,  are  projected 
and  outlined. 

Topofraphiealma'ps  (scale  1  t^A;  1  mile), — ^At  the  beginning  of  the  fiscal  year  these 
maps  were  completed  as  far  as  Cairo,  111. ;  bpe  sheet  extending  47^  miles  by  river 
was  in  progress.  This  work  is  now  completed  to  6  miles  above  Chester,  111.  (126 
mDes  by  river  above  Cairo) ;  one  sheet  extending  to  148  miles  by  river  above  Cairo 
is  in  progress. 

^  The  profits  of  Mississippi  Biver,  Cairo-Donaldsonville,  has  been  completed  showing 
right  bank  and  levees  from  Cairo  to  Donaldsonville,  left  bank  and  levees  from 
Memphis  to  Vicksburg,  mean  high  and  low  water  lines  1872-1889,  and  by  points,  the 
mean  hif  h  and  low  waters  1881-1885,  the  high  waters  of  1882  and  of  1890,  the  low 
water  ofl88d,  and  the  lowest  water  of  the  period  1872-1890.  A  copy,  in  five  sheets, 
with  report  of  Assistant  Engineer  Ockerson,  is  herewith  presented  (marked  4,  and 
plates  2, 3,4, 5, 6). 

Fublislied  cKarts  and  maps, — ^The  charts  and  maps  published  by  the  Commission  are 

the  following ;  except  official  issues  under  resolution  of  the  Commission,  they  are,  in 

accordance  with  law,  sold  at  the  prices  annexed.    The  publication  of  the  first  is 

completed  ;  that  of  tne  others  is  in  progress. 

Cents. 

Alluvial  valley  (scale,  1  inch:  5miles) per  sheet 10 

Alluvial  valley  (scale,  1  inch :  5  miles) per  sot  (8  sheets) 40 

Mississippi  River  (scale  1 :  20,000) per  sheet. . . .  20 

Mississippi  River  (scale,  1  inch :  1  mile) per  sheet 5 

At  the  beginning  of  the  fiscal  year,  of  the  charts  on  scale  1: 20,000,  56  sheets  wore 
published  and  15  were  in  hands  of  the  printer.  These  extended  from  Donaldsonville, 
La.,  to  Cape  Girardeau.  Mo. ;  the  published  sheets  were  not  consecutive. 

'Ihis  series  is  now  puolished  consecutively  as  far  as  Cape  Girardeau,  71  sheets,  and 
original  material  returned  by  printer.  The  material  for  6  sheets,  extending  to  Ches- 
ter, ni.y  is  in  hands  of  the  printer. 

At  the  beginning  of  the  fiscal  year  the  maps  on  scale  of  1  inch :  1  mile  were  pub- 
lidied  as  faa  as  Cairo  in  32  sheets  with  index  chart,  3  sheets,  and  table ^f  distances, 
1  sheet.    Drawings  for  revised  edition  of  10  sheets  were  in  hands  of  printer. 

The  edition  of  these  sheets  is  en  route  from  Boston  (shipped  on  June  19). 

kU  of  the  above  maps  have  required  three  or  four  proot-readiugs. 

Fheie  have  been  issued  during  the  fiscal  year : 

SheetH, 

Invial  valldy 462 

ale  1:20,000 > 3,613 

*le,linch:lmae 1,794 

Physical  data, — ^In  accordance  with  resolution  of  the  Commission,  November  27,  the 
offe  at  Graya  Point  has  been  reestablished. 

XEe  aection  of  the  old  gauge  from  the  19-foot  stage  to  the  35.7-foot  stage  was 
und  intact,  and  Ib  retain^. 

The  aection  below  the  19-foot  stage^  which  was  not  in  line  with  that  above,  had 
n  destooyed,  except  one  piece,  lO-ioot  to  13-foot  stage.    This  section  had  beeu 
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hultod  to  a  rough  rock,  upon  which  it  had  bearing  only  at  intervals,  the  bays  being: 
til  led  in  with  cement.  For  the  new  section  replacing  this  a  channel  has  been  cut  in 
the  leilge.  It  has  nearly  continuous  bearing,  and  is  further  protected  by  the  shoul- 
ders of  the  channel.    No  filling  in  the  small  bays  is  believed  to  be  necessary. 

This  section  extends  from  the  3-foot  stage  to  the  23-foot.  It  is  graduated  from 
the  5.5- foot  stase,  which  was  that  of  the  water  when  the  graduation  was  made.      * 

The  bulletin  board  has  been  repaired. 

Kecomputation  of  discharge  measurements  during  1887-1889  and  1890  has  been  com- 
]>teted.  The  results  are  appended  (marked  5  and  6).  A  portion  of  each  was  pub- 
lished in  the  last  Annual  Report. 

Field  notes  of  discharge  measurements  in  1891  have  been  received  from  first;  sec- 
ondy  and  third  districts.    Recomputation  is  in  progress. 

The  records  of  gauges  under  the  Commission,  as  also  of  certain  others  under  the 
Chief  Signal  Officer,  and  Major  Mackenzie  and  Captains  Willard  and  Taber,  Corps 
of  Engineers,  have  been  received,  tabulated,  and  printed  in  pamphlet  form,  together 
with  descriptions  of  gauges  and  bench-marks  revised  to  date.  For  the  description 
of  bench-marks,  important  information  has  been  received  from  Capt.  J.  H.  Willard, 
Corps  of  Engineers. 

Tables  of  high- water  marks  for  1890  and  1891,  and  of  highest  and  lowest  gauge 
readings  revised  to  date,  have  been  prepared  and  are  hereto  appended  (marked  7,  8, 
and  9). 

A  hydrograph,  showing  stages  of  the  MisHissippi' River  and  ]>rincipal  tributaries 
from  St.  Louis  to  Carroll  ton,  by  10-day  moans  for  about  20  yeai*s,  has  been  prepared, 
chiefly  by  Assistant  Engineer  L.  M.  Mann.  Three  sheets,  with  index  map,  are  ap- 
pended.    (Not  printed.) 

An  investigation  of  changes  of  depth  of  Mississippi  River  at  Head  of  Passes,  based 
upon  published  reports  of  Assistant  Engineer  Donovan,  has  been  made  by  Assistant 
Engineer  Ockerson.  His  report,  with  plat  showing  locations  of  sections,  is  appended 
(marked  10). 

Current  ^auge  records  and  office  hydrographs  have  been  kept  up  to  date. 

Card  indices  to  manuscript  reports  and  map  files,  in  progress  at  beginning  of  fiscal 
year,  have  been  completed  and  kept  up  to  date. 

Index  to  proceedings  of  Commission  to  include  1890  is  ready  for  the  print-er. 

Twenty-eight  days*  labor  of  office  employ<^«,  costing  $116,  has  been  expended  in 
preparing  table  of  errata  in  last  Annual  Report  as  published. 

Plant, — The  plant  held  under  this  allotment,  mostly  received  by  transfer  from 
Mississippi  River  Commission,  consists  of  the  survey  fleet  (1  steamboat,  2  quarter 
boats,  1  launch,  and  13  rowboats),  the  field  and  office  instruments,  the  printiug 
plant,  and  office  furniture. 

The  fleet,  which  had  been  laid  up  at  Alton,  111.,  was,  on  December  26,  towed  to 
Carondelot  and  hauled  out  for  examination  and  repair. 

The  Patrol  (8  years  old)  had  her  upper  works  in  good  order;  the  hull  had  been 
considerably  patched  above  the  water  line  at  various  times  up  to  1889;  the  bottom 
and  much  of  the  framing  was  badly  decayed  and  worn.  She  has  been  thoroughly 
repaired,  and  is  probably  good  for  4  or  5  years  of  service. 

The  quarter  boats  JUinoia  and  Kentnvky  (8  years  old)  are  slightly  framed  and 
cheaply  built;  they  had  had  little  repair  and  were  in  about  the  same  condition  ns 
the  Patrol,  but  oflered  less  good  work  as  a  basis  for  repair.  They  have  been  repaireil 
ius  far  as  their  value  appeared  to  warrant ;  the  Illinois  is  probably  good  for  2  years* 
service,  the  Kentucky  for  one. 

The  lannch  has  been  transferred  to  the  fourth  district. 

The  boiler  of  the  Patrol  was  tested  on  April  24. 

On  April  25,  the  Patrol  with  quarter  boats  lUinoia  and  Kentucky  in  tow,  and  tri- 
angulation  and  double  precise  level  parties  on  board,  left  St.  Louis  for  St.  Paul. 
The  quarter  boat  Illinois  with  triangulation  party  was  left  at  Nashville,  Iowa,  on 
the  evening  •€  April  27.  The  Kentucky  with,  double  precise  level  party  was  left  at 
St.  Paul  on  May  1,  the  Patrol  then  returning  to  the  triangulation  party  for  service 
<lnring  the  season. 

The  field  instruments  have  been  repaired;  Most  of  them  have  been  in  service 
many  years.  The  important  repairs  consisted  of  returning  spindles,  trueing  plates, 
and,  in  one  case,  regraduation  of  verniers.    All  are  now  in  good  condition. 

GENERAL  SERVICE. 

Stone  supply. — As  soon  ns  funds  were  available  riprap  stone  was  called  for  from 
the  districts. 
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The  total  piirchaso  on  tliis  rail  w:i«: 


Location. 

First  liiMtru't 

• 

Offcoola 

Hoitetit'Iti 

AHiibr<Mik 

Sm^imI  (Imtru't 

Tliml  ilintrirt 

LrtHl  ourvMitv 

Total 

t 

m 

liiprap 
Btoue. 


OubieyareUt. 
:j,717 
1,  i:« 

10,  IfiU 
28(i 


i:..  -yTi 


The  total  mileage  and  yard  mileage  were : 


First  dUtrict.. 
SccoimI  (li^trict 
Third  diatrici. 

Total.... 


Yard  iiiih*H. 


S41.  MA 

mi  1H5 

5, 18;*,  H(»H 
6, 405, 837 


The  total  expense  of  delivery  (not  inclndlDg  repair  of  plant  nor  interest  on  its 
Valne)  was  $12,197.28  or  1.9  mills  per  yard  mile. 

The  Htone  was  delivered  on  tne  barges  at  the  quarry  for  65  cents  per  yard.  Its 
trniisportat  ion  cost : 

CentH. 

At  Osceola '. 45. 1 

At  Hopefieia 57.4  , 

At  Anhlirook 98.3 

The  unfavorable  circumstances  of  this  to wi  ng  materially  increased  its  cost.  Owing 
to  the  stage  of  the  river  barges  were  loaded  to  little  ovor  half  their  capacity,  and, 
at  the  end  of  the  work,  had  to  be  taken  in  small  tows  to  Cairo,  because  the  cliannel 
had  heeoine  narrow  and  winding  and  there  was  danger  of  freezing  in  at  the  qnarry. 
^  Owing  t4>  the  urgent  needs  of  ibe  works  deliveries  were  made  in  smaller, tows  than 
are  et-ouoniieal. 

Because  of  the  difficulty,  expense,  and  risk  of  this  late  towing,  the  officer  in  charge  * 
of  first,  ruM'ond,  and  third  districts  decided  to  use  at  Osceola  stone  left  over  from  tlie 
work  at  Hickman.  The  quarter  boat  (which  had  been  brought  to  Cairo  with  last 
tow)  with  nine  barges  was  taken  to  Hickman,  January  5.  On  January  10  a  steamer 
was  sent  from  Cairo  to  tow  two  barge  loads  of  this  stone,  which  was  delivered  at 
<M*eoU  on  January  13.    The  loading  was  completed  on  January  31. 

For  the  work  of  the  next  low- water  season  stone  is  now  being  supplied  to  i\w 
flistriets.    This  is  purchased  from  the  Apple  Creek  Quarry  at  62|  cents  i>er  cubic 
yard,  delivered  on  United  States  barges  at  quarry,  and  from  the  Grafton  Quarry  at 
Kli  cents  per  cubic  yard,  delivered  on  United  States  barges  at  Cairo,  111. ;  the  two 
prices,  coDsidering  the  cost  of  towing,  are  accounted  to  be  the  same. 
^  From  the  position  of  the  quarries,  the  higher  stages  of  the  river  are  unfavorable 
for  quarrying  at  Apple  Creek,  and  the  delivery  there  has  been  slow.    The  purchase 
at  Grafton  w^as  made  after  delivery  began  to  save  time  and  to  utilize  the  whole  plant 
available. 
The  amount  delivered  and  en  route  on  June  30  is  19,402  cubic  yards. 
Plant, — At  the  beginning  of  the  fiscal  year  the  plant  of  the  general  service  con- 
BiKted  of  3  tow  boats,  81  stone  bargeSi  6  fuel  barges,  1  store  boat,  9  rowboats,  1  calk- 
ing fiat. 
Of  the  towboats,  the  MU9i$9ipvi  (8  years  old)  was  in  good  condition,  having  had 
iparatively  little  service,  ana  having  been  kept  up  by  small  repairs,  no  general 
Air  had  been  made  for  5  years.    The  MinneUmka  (6  years  old)  had  been  thorouglily 
rhanled  during  the  fiscal  year  1890.    llie  Vedette  was  under  repair. 
le  stone  barges  are  of  four  classes.    Thirty  (2  years  old  or  less),  120  by  30  by  7 
.  framed,  bottom  planked  fore  and  aft,  flush  decks,  were  in  good  condition,  need- 
>nly  calking.    Twenty-seven  (8  years  old),  120  by  30  by  6  feet,  ^unwaled,  bot- 
planked  athwartships,  sunk  decks,  were  in  bad  condition,  needing  general  re- 
*  or  rebuilding  in  deck  and  sides ;  of  these,  one  had  been  rebuilt  and  one  cut  do w  u 
rebuilding  in  fiscal  year  1890.    Twenty-four  (8  years  old),  100  by  25  by  5  feet. 
waled,  bottom  planked  athwartship,  flush  decks,  condition  as  of  last  class;  of 
<e,  two  carry  cabins  of  former  survey  boats,  and  are  used  as  quarter  boats,  one 
des  two  old  cabins  retained  in  the  chance  of  their  being  of  service. 
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The  six  fuel  barges  (3  years  old),  120  by  25  by  6  feet,  framed  and  without  deck, 
were  in  good  condition. 

The  store  boat,  an  old  coal  hargr.  bought  second-hand  in  1885  and  covore<l  with  a 
lightly  firamed  storehouse,  was  in' poor  condition. 

One  towboat,  tbe  Emma  Eihtr'uUje,  built  for  the  general  service  in  1882  and  trans- 
ferred to  the  third  district  in  1884,  has  been  rei'eived  by  transfer  from  that  district. 

One  barge,  of  secon<l  dasM,  has  been  lost  while  towing  during  low  water.  The 
method  of  planking  used  in  this  chiss  makes  any  grounding  dangerous. 

One  small  camel  duck,  capable  of  lifting  one  cud  of  a  barge  only,  on  hand  at  l»e- 
ginning  of  tlie  fiHc>al  year,  haH  been  enlarged  and  two  others  built.  With  the  three 
any  barge  in  une  in  the  general  service  can  be  lifted  fur  calking  the  bottom. 

The  fleet,  which  had  been  laid  up  at  Piuiucah,  Ky.,  was,  at  the  end  of  Noveuilier, 
transferred  to  Cairo,  111.,  where  it  now  lies.  No  water  front  at  either  place  is  con- 
trolled by  the  Commission.     No  rent  has  been  paid. 

The  to  wheats,  ijichuliug  the  Etkeridge,  have  all  received  general  repairs,  and  are 
now  in  good  con4lition,  except  the  Alissiiinppi,  which  was  injured  by  a  snag  in  April, 
1891  (though  not  so  as  to  impair  her  running  power),  and  is  also  in  need  of  some  gen- 
eral repair. 

The  barges  are  all  in  good  condition.  Two  have  been  rebuilt  from  the  water  line. 
Seventy,  in  nse  in  the  districts  from  6  months  to  2  years,  have  been  received  back 
and  thoronglily  repaired;  they  had  suffered  more  from  lack  of  cleaning  and  ventila- 
tion than  from  service.  Of  th<ise  of  the  second  and  third  class,  8  years  old,  the  sides 
were  much  decaye<l;  6  were  repaired  by  graving  pieces;  30  were  so  much  decayed 
as  to  make  this  method  very  expensive,  and  of  doubtful  expediency  as  regards  their 
strength,  and  these  were  sheathed.  Three,  which  had  been  fitted  for  mooring  barges, 
have  remained  in  the  districts ;  they  are  reported  as  serviceable. 

Three  model  barges  belonging  to  the  third  district  have  also  been  repaired ;  six 
are  under  repair. 

The  camel  docks  cost  $1,615.  They  have  lifted  48  barges.  The  docking  fees  alone 
for  this  service,  even  if  several  were  docked  at  once,  would  have  been  $1,680,  besides 
•  which  the  cost  of  labor  and  supervision  at  the  dockyards  is  materially  increased. 

Little  further  repair,  except  to  the  MissUeippif  is  expected  during  the  fiscal  year. 

TONNAGE  OF  THK  RIVER. 

The  traffic  on  the  sections  of  the  Mississippi  River  under  charge  of  the  Commission 
is  mainly  carrie<l  (m  by  lines  of  steamers  and  barges  plyinf^  £h>m  St.  Louis,  Cincin- 
nati, and  Pittsburg  to  New  Orleans  and  intermediate  landings,  the  upstream  loads 
being  light*.  The  custom-house  records  are  of  reg^tered  tonnage  only.  A  statement 
•is  appended. 

The- Merchants'  Exchange  of  St.  Louis  keeps,  by  calendar  years,  minute  record  of 
shipments  and  record  of  receipts  in  bulk.  As  freights  from  the  upper  river  are  re- 
shipped  here,  this  represents  the  northern  traffic.  Statements  of  shipments  by  New 
Orleans  boats  and  by  Memphis,  Vicksburg,  and  Natchez  boats,  taken  from  their  last 
annual  statement,  are  appended.  The  last-mentioned  line  makes  landings  above  the 
mouth  of  the  Ohio:  one-A>urth  of  their  shipments  is  deducted  in  preparing  the  table 
of  commercial  statistics  for  this  report.  The  most  important  shipment  from  St.  Louis 
is  of  grain  in  bulk  for  exportation;  a  detailed  statement  of  this  shipment  from  the 
Merchants'  Exchange  is  appended.  This  line  of  traffic  was  closed  to  all  heavy  draft 
after  December  13  on  account  of  low  water.  It  has  not  been  obstructed  by  ice  dur- 
ing the  year. 

The  reports  of  shipments  from  the  Ohio  River  are  incomplete.  Information  has  been 
sought  from  the  owners  of  registered  steamers,  from  the  board  of  trade,  and  the  coal 
exchange  of  Pittsburg.  Reports  have  been  received  from  owners  of  almost  half  the 
registered  tonnage ;  the  estimate  is  made  up  proportionally. 

KeiMMts  uf  local  traffic  are  from  reports  of  tne  district  omcers: 


MiNHiM8ippi. 

Ohio 

LcH'JlI 


Total. 


Fintt  and 

Second  dis- 

tricta. 


Resjjcctfully  submitted. 

To  the  Prksidext  Mississippi  River  Commission. 


Tont. 
740,709 
1,444,164 
79,829 


2,294,702 


Third  dis- 
trict. 


Tont. 
748,340 
1, 397, 461 
219,497 


2,360,804 


Fourth 
district. 


ToflM. 

659.2 
1,337,3. 


Carl  F.  Palfrky, 

Capt.  of  Engineer  a. 
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L%$t  of  ctrtlMM  engineers  employed  on  work  of  river  and  harbor  improvements  in  charge  nf 
Copt.  Carl  F,  Palfrcyj  Corps  of  Kngineertff  to  June  liO,  1801,  incUmve. 


Name  uihI  renuleuce. 


Time  cm- 


m. 

H.  \V.  Bukrr,  Taronia,  WaMh 

r.  M.  Wiucliell,  \V:u*Iiiu*;<<.n,  I  ml  .... 

Ki vast  TuUy,  St.  l^iiw.  Mo 12 

(!.  W.  (^lark,  St.  Undn,  Mo 12 

J.  A.  <>cki*rHou,  St.  I<4mii«,  Mo 2 

Do ;  D 

n.W.  FerKUKOU,  Cli inij^o,  III ,  2 

I  'harleti  W.  St<' wurt,  (;iiic«x»,  HI 2 

•laiiit^  A.  Pai;!*'.  Se<lalia.  Mo 2 

F.  B.  Malthy ,  ( ?liicago,  111 a 

L.  M.  MaDu,  Mil wHtiktM',  WU 1 

A .  T.  Morrow,  Marion,  Ind j  2 

A.  L.  riobnaoii,  St.  Loiiih,  Mo I  1 

Grt>nrc  H.  French,  Miltou,  111 i  2 


Com- 

peiisa- 

tiou. 


26  I 
2t)  ! 


II 

4 
G 

li 


2 
C  ! 


♦175 
175 
17r> 

175 
225 
250 
175 
150 
150 
140 
125 
125 
125 
12U 


Where  em- 
ployed. 


"Work  OH  which  employed. 


do 

do 

do 

Ill  the  iiehl 
...do 


St.  Loiiin,  Mo  .;  ('oimtrnction  of  plant  ((i.S.). 

...do ;  SiirveyH  (S. (;.0.). 

do I  In  c'h'arge  cou)putation»  (S. 

Plartin;;  niapn  (S.G.O.). 
In  <-hai-ge  .surveyH  (S.  G.  O.). 
l)o. 

SlII'VONH. 

Do' 

do 1  Do. 

.do !  Do. 

.do I  Do. 

do !  Do. 

do j  Do. 

.do !  Do. 


Approximate  value  of  plant  belonging  to  the  Vnited  States  and  used  in  improving  MissiS' 
sippi  River  from  the  head  of  the  Passes  to  the  mouth  of  the  Ohio  Biver. 


Allotment. 


MiiMiiwippi  Ki  ver  ('onimJn»ion 

Surveyn,  gauges,  and  ulwervatiouB. 


Genenl  service 


Class  of  proi)erty, 


Xo. 


1 
i:j 


Fnmitare 

Steamboat  Patrol  with  outfit 

Suarter  boats  w^ith  outlit 
owboat*  

Surveying  instrumeut.s 

Current  meters 

Drawinj?  instruments 

General  tools 

Printing  plant 

Office  furniture 

Steamboat  MiitMlgnipi  i  with  outfit I    1 

Steamboat  Mimietuiika  with  outfit ! 

Steamboat  Emma  Ktheridgf  with  out-  ' 
flt. 

Steamboat  VeJ^tU  with  outfit 

Stone  bargeff : 

First  Class 

Second  class 

Third  class 

Fuel  barges 

Store  boat 

Camel  dwk 

Rowboats  

Calking  tlat 

Creneral  t<Mds 

Office  furniture 


1 
1 

1 

:)0 

26 

24 

U 

1 

1 

12 
•> 


Approxi- 
mate value 
May     31, 
1891. 


$100 

12,000 

2,500 

175 

12,500 

1,250 

750 

500 

750 

600 

45,000 

30,000 

13,500 

4,750 

66,  .300 
41,200 
22, 800 
10,000 

450 
1,615 

200 
40 

100 

475 
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Monnf  ataUment—'fvhi  /,  IStXi^  to  June  3(i,  IS!) J. 

Geuora^  service : 

Available  July  1,  18iK) $42,421.45 

Allotment,  act  September  19,  1890 184, 000. 00 

Allotment, act  M.inh  3,  1891 70,000.00 

$296,421.45 

KxpeimeB  oflice  Cbief  of  Engineers .    340. 00 

TrauBlorred  to  reduction  of  observatitmH 2, 500. 00 

2, 840. 00 

293, 581. 45 

Expenditnres  apportioned,  first  district 32, 047. 87 

Enieuditures  apportioned,   preservation    of   works, 

first  and  seconti  districts 3, 187. 47 

Expenditures  apportioned,  second  district 1, 874. 81 

Expenditures  apportioned,  third  district 1, 874. 81 

Expenditures  apportioned,  Greenville 21, 951. 61 

Expenditures  apportioned,  Ashbrook  Bend 45, 649. 80 

106, 586. 37 

In  Treasury 183,638.82 

In  hand  ./. 3,356.26 

186, 995. 08 

Reduction  of  observations : 

Transferred  from  general  service 2, 500. 00 

Expended 2,500.00 

Mississippi  River  Commission: 

Allotment,  act  September  19,  1890 75,000.00 

Expended 18,270.23 

In  Treasury 52,  500. 00 

In  hand 4,229.77 

56, 729. 77 

Surveys,  gauges,  and  observations: 

Allotment,  a<t  SejH  rmber  19,  1890 150, 000, 00 

Expended ,        31,818.13 

In  Treasury 110, 000. 00 

In  hand  . .' 8, 181. 87 

118, 181. 87 

-■■•■■  ■  I  —  -^^— ^— ^IM^ 

Illinois  River  to  Ohio  IJivrr,  protection  of  the  easterly  bank  of  theMis- 
siHsip])i,  near  Cairo:' 
AvailaldeJuly  1,  1S90 8,600.00 

First  district.  Plum  P<iint  Reach: 

Available  J  uly  1 ,  1890 12, 165. 22 

Allotment,  act  Septcnilier  19,  lSi,() 2i)7, 500. 00 

Allotment,  act  March  3.  IKU 450, 000.  (X) 

Ap]died  by  gent^ral  scivicc 32, 047. 87 

79]  713.00 

Withdrawn  for  rcnJIotnu'iit 125, (KM). iX) 

Tran.sferreil  to  Mciiipliis  ll:irb«»r 105,  000.  (K) 

2:K),  000.  r  1 

561,  713.  <•  I 
Expended 135,  (i87.  ,■ 

In  Treasury 417, 500. 00 

In  hand  . .' 8, 525. 78 

426, 025. -J  ; 

•  Includes  only  funds  under  act  ol'.July  5,  1884. 
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HickmaDj  Ky.: 

Available  Jnly  1, 1890 4^8,&17.76 

Expenses  office  Chief  of  Engineers 118. 00 

$48, 529. 76 

Allotment,  act  September  19, 1890 500.00 

49, 029. 7fi 
Expended l,ft^>9.34 

• 

InTreasary 12,>^i3.17 

In  hand 4,527.25 

47, 370. 42 

Colambns,  Ky. : 

Available  July  1,  1890 13,016.16 

Expended 13, 0 16. 16 

New  Madrid  (survey) : 

Allotment,  act  September  19,  1890 1,000.00 


• 


Gauges: 

Available  July  1,  1890 931.50 

Expended 3H8.00 

Transferred  to  surveys,  gatiges,  aud  obHcrvatioiiH,  first 

and  second  districts 563. 50 

931.50 


3^ 


Surveys,  examinations,  and  inspections : 

AvaUable  July  1,  1890 .> 1,»41.45 

Expended 632 .  97 

Transferred  to  surveys,  gauges,  aud  obHiTViitions,  liist 
and  second  districts 1, 208. 48 

1,841.45 

Survey  St.  Francis  Front:  • 

Transferred  from  protection  of  U' vers,  scrond  district ". 300. 00 

Expended 249.50 

Transferre<l  to  surveys,  gauges,  aiKi  obsiTvationH,  lirht 
and  second  districts 50. 50 

300.00 

Core  of  plant,  first  aud  sccoud  districts: 

Available  July  1,  1890...: 20,452.15 

Expended 20,  144. 80 

Transferred  to  plant,  finst  and  sccuud  districts 7. 35 

20, 452. 15 

Surveys,  first  and  second  districts : 

Available  July  1,  1890 1,255.30 

Expended 731.14 

Transferred  to  surveys,  gauges,  and  observations,  lirst 
and  second  districts 524.16 

1 ,  255.  30 

Virst  and  second  districts  (plant) : 

Allotment,  act  September  19,  18<)0 130, 500. 00 

Transferred  from  care  of  plant,  first  and  second  dis- 
tricts  '. 7.35 

130,  .507. 35 

Expended 35,396.29 

In  Treasury 105,  .500. 00 

Overdrawn 10,398.94 

9.5,  101 .  06 
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Preservation  of  works: 

Allotnieut,  act  September  19, 1890 $15,000.00 

TrauHferred  from  levees,  Plum  Point  Roach 75. 97 

Transferred  from  protection  of  levees,  second  district .  5, 604. 45 

Applied  l)V  general  service 3, 187. 47 

$23, 867. «? 

Expended 5,351.37 

111  TreaKiiry 15, 000. 00 

In  hand../ 3,516.52 

18, 516. 53 

Surveys,  gauges,  and  observations : 

Allotment,  act  September  19,1890. 15, 000. 00 

Transferred  from  gauges,  first  district 563. 50 

Transferred  from  gauges,  second  district 12. 50 

Transferred  from  sur.  and  ex.,  first  district 1, 208. 48 

Transferred  from  sur.  and  ex.,  second  distrirt 1, 119. 89 

Transferred  from  sur.,  first  and  second  districts 524. 16 

Transferred  from  sur.,  St.  Francis  Front 50. 50 

^ 18, 479. 03 

Expended 5, 314. 94 

In  lYeasury 14, 500. 00 

Overdrawn 1,335.91 

13, 164. 09 

Second  district — Memphis  Reach: 

Available  July  1,  1890 , 16,178.67 

Applied  by  general  service 1, 874. 81 

18, 053. 48 

Expended 5,437.95 

Transferred  to  Memphis  Harbor 12, 615. 53 

18, 053. 48 

Memph  i  s  H  arbor : 

Available  July  1, 1890 .*.  5,619.74 

Transferred  from  Memphis  Reach 12, 615. 53 

Transferred  from  Plum  Point  Reac  li 105, 000. 00 

123,  2a5. 27 

Expended 15,320.84 

In  Treasury Ift5, 000. 00 

In  hand 2,914.43 

107,914.43 

Helena: 

Available  July  1,  1890 2.80 

Allotment,  act  September  19,1890 22, 500. 00 

22,502.80 

In  Treasury 22, 500. 00 

In  hand 2.80 

22,502.80 

Gauge* : 

Available  July  1,  1890 : 282.50 

Expended 270. 00 

Transferred  to  surveys,  ^au^es,  ami  obstr  vat  ions,  first 

and  second  district.s 12. 50 

282.50 

Observations  and  disehar>?es : 

Available  July  1,  1890 2.07 

^xnended 2.07 

=^ 


«^-«-^* 


-,*^  *^  vr^M 
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BuxyeySy  ezaminations,  and  inspections : 

AvaUablo  Jnly  1, 1890 $1,575.06 

Expended 455.17 

Transferred  to  swrveys,  gangers,  and  observntituiH,  tirst 

and  second  oistricts i|<l,  119. 89 

1,575.06 

Thinl  district — Lake  Providence  Reacli : 

Available  Jnly  1, 1890 6,526.66 

Transferred  from  protection  of  levees,  fourth  distriet .  9, 000. 00 

Applied  by  general  service 1, 874. 81 

Allotment,  act  September  19, 1890 185, 000. 00 

Allotment,  act  Mareb  3,  1891 330,000.00 

532, 401. 47 

WitbdrawB  for  reallotment 125, 000. 00 

407,401.47 
Expended 17,835.68 

InTi-easury 358,000.00 

In  band 31,  .565.  79 

389, 565. 79 

Vicksburg  Harbor : 

Available  July  1,  1890 : 37,3a5.75 

Allotineut^  act  September  19,  1890 85, 500. 00 

Transferred  from  Delta  Point 156. 58 

122, 962. 33 

Expended ,     38,497.93 

In  Treasuiy 70, 500. 00 

In  hand 13,964.40 

84,464.40 

Vicksborg  Harbor — Delta  Point : 

Available  July  1,  1890 156.58 

Transferred  to  Vicksburg  Harbor 156. 58 

Greenville,  Miss. : 

Available  July  1, 1890 3,482.48 

Allotment,  act  September  19,  1890 100, 000. 00 

Allotment,  act  March  3,  1891 100, 000. 00 

Applied  by  general  service 21, 951. 61 

Temporarily  transferred  from  Lake  Bolivar  Front 2,  713. 74 

228, 147. 83 

Expended 30,647.83 

In  Treasury 197,500.00 

In  hand 0.00 

197, 500. 00 

Ashbrook  Neck : 

Allotment,  act  September  19, 1890 300, 000. 00 

Applied  by  general  service 45, 649. 80 

345, 649. 80 

Expended 130,687.95 

In  Treasury .- 210, 000. 00 

In  hand 4,961.85 

214, 961. 85 

]  ant: 

Allotment, act  September  19,  1890 100,000.00 

Allotment,  act  March  3, 1891 30, 000. 00 

130, 000. 00 

Expended 51,466.70 

in  Treasuiy 75,000,00 

||»)MW4  T?Tt-T.f-»r..-TTtr Ttt.T 8,533.30 

^'>  ■■■>>■      ■       78, 583, 30 
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Lake  Bolivar  Frout : 

AvaUable  July  1,  1890 $20,289.72 

Temporarily  transferrtMl  to  Greeu  ville $2, 713. 74 

Expended 1,619.57 

In  Land 4,333.31 

15, 956. 41 

Oauffess 

AvaUable  July  1,  1890 498.90 

Expended 3«0.00 

Transferred  to  suifvoys,  gauges,  and  obHcrvatioii8 138. 90 

498. 90 

Surveys,  examinations,  and  inspections: 

AvaUable  Julv  1,  1890 1,062.26 

Expended •. 1,062.26 

Surveys,  gauges,  and  observations : 

Allotanont,  act  September  19,  1890 12, 000. 00 

Transferred  from  gauges 138. 90 

»  12, 138. 90 

Expended • 6,741.81 

In  Treasury 4,000.00 

In  hand 1 1,397.09 

5,397.09 

Dry  dock : 

Allotment,  act  March  3,  1891 20,000.00 

Fourth  district' — ^New  Orleans  Harbor : 

AvaUable  July  1,  1890 48.519.62 

Expenses  office  Chief  of  Engineers 112. 00 

48,407.62 

Allotment,  act  September  19, 1890 100,000.00 

148,407.62 
Expended 78,688.08 

In  Treasury 40, 000. 00 

In  hand 29,719.54 

69, 719. 54 

Red  and  Atchafalaya  rivers : 

AvaUable  Julv  1,1890 23,731.a3 

Allotment,  act  September  19, 1890 225, 000. 00 

248, 73 1 .  iV^ 

Expended 101,(r22.:i5 

In  lYeasury 140, 000. 00 

In  hand 7,109.28 

147, 109. 28 

Natchez  and  Vidali:i: 

Available  July  1,  1890 675.^5 

Exp  en  ded 675 .  65 

Natchez,  Miss,  (survcv'): 

Allotment,  act  Sriilcmbcr  19,1890 1,5(K).0<^ 

Expended 1,385.31 

In  hand 114.69 


Gauges : 

AvaUable  July  1, 1890 400.  tt 

Expended 278.13 

Transferred  to  surveys,  gauges  and  observations 121. 89 

400. 0 


u 


» 
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SiiTvev9,  examinatioiiH  aiul  inHpertiuiis: 

Available  July  1.1890 $l,r,(J7.4l 

Expended.... \.l 1,507.41 

Barveys,  gtkuf^es,  and  observationfl : 

Allotment,  a<5t  Septoiiiber  19, 18;)0 1f!l2, 000. 00 

Transferred  from  gauges 121. 89 

12, 121. 89 

Expended 6,421.39 

In  Treasury 3,000.00 

In  hand 2,700.50 

5, 700. 50 

Leyeea  (first  district) : 
Plnm  Point: 

Available  July  1, 1890 75.97 

Transferred  to  preservation  of  works,  first  ainl  st'coud  districts 75. 97 

• 

Levees  (second  district) : 
White  River  Basin : 

Available  Julv  1, 1890 3,9.'')4.35 

Allotment,  act  September  19, 1890 192. 500. 00 

196, 454. 35 

Expended 77,588.20 

InTn>a«ury 1(X),  000.00 

In  hand .* 18,8H6. 15 

1 18, 866. 15 

Upper  MiRsissippi  levoe  district : 

Available  Julv  1,1890 510.08 

Allotment,  act  September  19,  1890 90,  000. 00 

90, 510. 08 

Expended 55,  .543. 92 

In  Treasury 15,000.00 

In  hand 19,966.16 

34 ,  JJ66. 16 

Tazoo  Front :  » 

Allotment,  act  September  19j  1890 15,250.00 

Expended 1,505.18 

In  Treasury 15,250.00 

Overdrawn 1, 505. 18 

13, 744. 92 

Protection  of  levees: 

Available  July  1,  1890 5,904.45 

Transferred  to  survey  St.  Francis  Front 300. 00 

Transferred  to  preservation  of  workH,  first  hihI  second 

districto 5,601.45 

5,904.45 

tvees  (third  district) : 

Lower  Mississippi  levee  district: 

Allotment,  act  September  19, 1890 108, 000. 00 

Transferred  to  protection 9,  9(X),  00 

188, 100. 00 

Expended 123.8(k?.09 

In  hand (vl,2;i.T91 

ENO  91 ^217 


/ 
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Leyeee  (third  difltrict)— Contiaaed. 
Tensas  Basin,  Arkansas : 

Allotment,  act  September  19, 1890 $190,000.00 

Transferred  to  protection 9, 500. 00 

$180,500  00 

Expended 49,576.08 

In  Treasury 76,000.00 

In  hand 54,923.92 

130, 923. 92 

Tensas  Basin,  Louisiana: 

Allotment,  act  September  19,  1890 95,000. 00 

Transferred  to  protection 4, 750. 00 

90,250.00 

Expended ., 66,875.59 

In  hand 23,374.41 

Protection  of  levees: 

Available  July  1, 1890 747.43 

Transferred  from  protection  of  levees,  fourth  diHtrict.  1,000. 00 

1^  747. 43 

Expended 1,747.43 

Protection  of  levees,  Lower  Mississippi  levee  district : 

Transferred  from  levees 9, 900. 00 

Reallotted 32,750.00 

42,650.00 

Expended .' 17,139.92 

InTreasurv 12,750.00 

In  hand  ./. 12,760.08 

25, 510. 08 

Protection  of  levees,  Teusas  Basin,  Arkansas : 

Transferred  from  levees 9. 500. 00 

Reallotted 47,500.00 

57, 000. 00 

Expended 19,706.68 

In  Treasury 22,^500.00 

In  hand 14,793.32 

•  37,293.32 

Protection  of  levees,  Tensas  Basin,  Lotiisiana: 

Transferred  from  levees 4, 750. 00 

Reallotted 34,062.00 

38, 812. 00 

Expended 23,278.23 

In  Treasury 14,062.00 

In  hand 1,47L77 

15, 533. 77 

Levees  (fourth  district) : 
Tensas  Front  * 

Available  jiily  1,  1890 29,117.42 

Expended 29,117.42 

Tensas  Basin  * 

Allotment^  act  September  19,  1 890 210, 000. 00 

Reallotted 40,521.00 

250,521.0 

Expended 84,999.8 

In  Tr eas u ry 1 20, 500. 00 

In  hand 45,021.18 

165, 521 . 1 
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Leveea  (fourth  district) — Continued. 
Right  hank  helow  Red  River : 

Allotment,  act  September  19,  1890 $130, 500. 00 

Reallotted 43,750.00 

$174,250.00 

Expended 109,668.60 

In  Treauary 46, 750. 00 

In  hand 17,831.40 

64, 581. 40 

Left  bank  below  Re<l  River :  -_^________- 

Allottment,  act  Septemljer  19,  1890 ^ . . .        94, 500. 00 

Reallotted 23,688.00 

118, 188. 00 

Expended 87,781.80 

In  Treasury 23,000.00 

In  hand 7,406.20 

80,406.20 

Protection  of  levee* :  \ 

Available  July  1,  1890 18,160.13 

Transferred  to  Lake  Providence  Reach 9, 000. 00 

Transferred  to  protection  of  levees,  third  district 1, 000. 00 

10,000.00 

8, 160. 13 
Expended 8,160.13 

Levees — ^total: 

AvaUable  Julv  1,  1890 58,469.83 

Allotments,  act  September  19, 1890 1,188,000.00 

Reallotted 250,02L00 

1, 496, 490. 83 

Transferred  to  Lake  Providence  Reach 9, 000. 00 

Transferred  to  preservation  works,  first  and  second 

districts .5,680.42 

Transferred  to  surveys,  gauges,  and  observations 50. 50  % 

14, 730. 92 

Expended 1,481,759.91 

756,^.59 

In  Treasury 444,062.00 

In  hand 280,893.32 

724,955.32 

CwMolidated  statement ,  March  S,  1881 ,  to  June  SO,  1891, 

ActofMarchS,  1881 $1,000,000.00 

Act  of  August  2, 1882 4,123,000.00 

Act  of  January  19, 1884 1,000,000.00 

Act  of  July  5,  1884,  less  $5,000  transferred  to  snag  boat  service 2, 065, 000. 00 

Act  of  August  5,  I086,  less  $5,942.60  for  expenses  office  Chief  of  Engi-  . 

neers 1,994,057.40 

Act  of  August  11,  1888,  less  $4,859  for  expenses  office  Chief  of  Engi- 
neers   2,840,141.00 

Act  of  September  19, 1890 3,200,000.00 

Act  of  March  3,  1891 1,000,000,00 

Total  specific  appro])riation8 17, 222, 198. 40 

Balances  from  former  appropriations  applied  to  workH 
below  Cairo,  under  act  of  August  2,  1882,  less  $123.42, 
reveited  to  Treasury $272, 504. 96 

Same  for  works  above  Cairo,  under  act  of  July  5, 1884 22, 632.  '<i 

Total  balances 295, 137. 49 

Received  from  sales,  loss  of  pro|MMty,  and  deposit  h 675. 88 

Reallotted 21.00 

Total  available 17,518,032.77 

Expended 14,461,952.78 

Balance  July  1,  1891 3, 056, 079. 99 


\ 
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Appendix  C  1, 

PAPER  BY  CAPTAIN  CHASLES  F.  POWELL,  CORPS  OF  ENGINEERS;  ON  A  MEASUREMENT 
OF  THE  DEPRESSION  OF  THE  FLOOD  LINE,  1890,  AT  GAUGE  STATIONS  BELOW  RED 
RIVER  LANDING,   FROM  CONTIGUOUS  CREVASSES. 

The  method  of  meaflurement  used  depends  upon  the  relation  between  a  gauge  and 
the  Red  River  Landing  gauge^  as  derived  from  the  gauge  readings  on  tlie  rising 
stage  and  between  bank  overflow  and  the  stage  when  the  first  considerable  crev- 
asse occurred. 

The  gauge  relations  may  be,  and  most  probably  are,  different  on  rising  and  falling 
■tages :  also  different  for  stages  below  bank  and  above  bank ;  and  the  crevasses  broke 
when  the  river  was  riainr  and  above  bank. 

Red  River  Landing  is  tLe  station  farthest  upstream  which  can  be  safely  used  for 
obtaining  the  gange  relations  on  account  of  the  flood  disturbances  made  by  the  Red 
and  Atcha&laya  rivers  and  the  unleveed  Tensas  Front  next  above  Red  River. 
Below  Bed  River  Landing  there  were  no  tributaries  nor  new  outlets  during  all  the 
flood,  except  the  crevasses  whose  net  effect  on  the  flood  line  is  desired. 

There  may  have  been  a  crevasse  effect  at  the  standard  gauge,  and  if  so,  the 
amounts  of  flood  line  depression,  herein  deduced^  are  too  smsul. 

Plate  1  shows  the  plottings  on  a  large  scale,  being  the  points  inclosed  by  circles, 
of  the  mean  daily  gauge  readings. 

The  apparent  irregularity  or  want  of  smoothness  in  resulting  hydrographs  is  more 
DoticeabM  in  hy^drographs  plotted  from  the  observed  readings,  8  a.  m.  and  4  p.  m.. 
The  irregularities  may  result  from  wind  in  raising  or  lowering  the  water  surface 
temj^orarily,  from  tidal  influence,  errors  of  observation,  or  other  cause. 

Mean  hyorographs,  drawn  through  points  inclosed  by  squares  as  shown  on  the 
plate,  and  representing  the  mean  of  five  daily  means,  are  plotted  for  neutralizing  tlie 
uregularities  named,  and  thereby  for  better  defining  the  gauge  relations. 

The  first  and  largest  levee  break,  known  as  the  Nita  crevasse,  occurred  March  14, 
so  no  gauge  reading  after  that  date  was  used  for  the  mean  hydrographs. 

From  largest  mean  flood  velocities  in  discharge  observations  at  Red  River  Land- 
ing and  CarroUton,  it  was  found  that  the  river  flow  for  a  day  was  about  100  miles ; 
consequently  the  time  intervals  in  half  days,  from  Red  River  Landing  to  Bayou 
Sara,  Baton  Rouge,  Plaquemine,  College  Point,  and  CarroUton  are,  respectively, 
0.5,  0.5, 1.5^  and  2  days. 

The  readings  scalea  from  the  Red  River  mean  hydrograph  and  extending  from  Feb- 
ruary 1  to  March  12,  were  divided  into  groups  of  four,  whose  means  with  the  meaus 
of  the  respeetive  corresponding  scaled  readings  at  each  of  the  other  stations  were 
plotted  as  shown  on  plate  2,  being  the  poiuts  there  inclosed  by  circles.  The  curves 
through  the  respective  sets  of  ten  points  are  what  may  be  termed  curves  of  corre- 
sponding gauge  readings. 

It  is  needed  to  extend  these  curves  to  the  abscissa,  representing  the  highest  gauge 
reading  at  Red  River  Landing,  for  scaling  the  ordiuates,  or  to  otherwise  determine 
the  ordiuates,  which  would  have  been-the  highest  readings  at  the  other  gauges  had 
the  gauge  relations  continued  to  the  top  of  the  flood  as  they  obtained  for  the  40  da.ys 
before  the  crevasses  commenced  to  break.  These  deduced  highest  readings  compared 
with  the  highest  observed  give  a  measure  of  the  actual  lowering  of  the  flood  line  at 
each  of  the  other  gauge  stations. 

The  4'day  means,  described  above,  were  divided  into  three  groups ;  the  curves 
drawn  through  the  plottings  of  whose  means,  shown  by  inclosing  triangles  on  Plate 
2,  are  the  mean  curves  of  corresponding  gauge  readings,  these  curves  not  diflering 
more  tlum  0.1  of  a  foot  from  the  first  curves  of  corresponding  readings. 

All  Uie  latter  named  curves  have  the  characteristic,  so  marked  that  it  may  betaken 

as  a  law  of  the  curves,  of  being  for  arcs  about  equal  on  the  vertical  scale^  alternately 

convex  and  concave  towards  the  side  of  the  origin  of  coordinates  during  a  rise  of 

bont  a  foot  at  Red  River  Landing;  therefore^  for  such  a  rise,  under  the  law  the  cor- 

nsponding  rise  at  either  of  the  otner  gauges  increases  or  decreases  as  the  river  goes 

p.     Consequently,  applying  the  maximum  ratio  of  rise  between  the  standard  gang<^ 
id  another  gange  for  finding  the  rise  at  the  latter,  proportional  to  the  remaining 

ie  (about  5  feet)  at  the  former,  would  give  too  large  a  flood  height,  or  in  other 

irds  a  limit  which  the  no-crevasse  flood  would  not  have  reached. 

rhe  points  of  the  curves  of  corresponding  gange  readings  between  which  the  ra- 
ta were  taken  as  maxima  are  marked  on  Plate  2  by  the  intersections  of  short  ob- 

ue  lines  with  the  curves,  and  for  the  CarroUton  curve  are  designated  a  and  b, 

3  vertical  scale  distance  between  a  and  h  is  0.88  feet,  and  the  horizontal  0.75  feet ; 

hiffheat  observed  reading  at  the  Landing  gauge  above  the  reading  of  h  is  5.23 

k;  uen  0.88,  0.75,  5.23,  the  limiting  flood  height  above  h  on  the  CarroUton  scale. 
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The  cnrvfi  on  Plat-e  2,  inarkcMl  max.,  is  an  exi4)n8ion  of  tim  C'arrollton  moan  curve  of 
r.orroHpoudiiig  ^au^e  ivadiii^H,  made  to  paas  throu|;h  tbu  point  wbose  courdiuateB 
are  the  last  two  tcrniH  of  the  above  pniportiou,  referred  to  b  as  an  origin. 

An  ajiparent  law  of  the  mean  curvoH  of  corresponding  gauge  readings  is  their  con- 
vexity toward  the  left,  so  decided  that  it  merits  acceptance.  From  the  law  it  fol- 
lows that  true  extennions  of  the  curves  will  be  to  the  right  of  tangents  at  the  upper 
ends  of  the  cnrvee.  The  intersections  of  the  tangents  with  the  abscissa,  represent- 
ing the  highest  reading  at  Red  River  Landing,  give  readings  on  the  other  gauges, 
above  which  the  uo-crevasse  flood  would  have  reached. 

Ill  the  absence  of  any  reason  that  the  gauge  readings  of  that  flood  would  have  been 
nearer  one  limit,  as  found  above,  than  the  other,  a  mean  of  the  limiting  readings  in 
eacli  case  is,  from  the  data,  the  most  probable  height  of  the  uo-crevasse  flood. 

The  following  table  gives  the  depressions  of  the  flood  line  obtained  by  the  fore- 
going method : 


Locftlity. 


Bayou  Sura  . . 
Baton  Honge. 
Plaqueraine . . 
Nita  CrevaBse 
<;oUee«  Point 
Carrollton  ... 


Distance 
from  Red 

River 
Landing. 


Milet. 

34.2 

68.0 

88.2 

133.7 

137.7 

191.7 


Lower 
limit. 

Higlier 
limit. 

Mean. 

Feet. 

2.17 
3.12 
&.19 

Feet. 
3.57 
4.73 
8.78 

Feet. 
3.02 
3.92 
5.98 

4.16 
2.67 

4.79 
4.09 

4.48 
3.33 

Bate  of  highest  ob- 
served gauge 
reading. 


Apr.  21. 

Apr.  21  and  22. 

Apr.  22. 

March  16. 
Marohn. 


The  Nita  crevasse  w^as  the  only  break  belovr  Red  River  in  March,  except  three  ex>m- 
paratively  small  breaks,  one  of  which  waa  closed  April  10.  The  other  principal 
breaks,  writh  their  dates  and  with  volumes  of  discharge,  measured  three  and  lour  days 
afterwards,  are  listed  below : 


Dates. 


Apr.  22 
23 
22 
21 
22 
30 
23 


Breaks. 


Rapooiin'i 

New  Morguii/.a  . 
Upper  Murgiuiza 

Fanny  Ricbo 

Preston 

Point  Manior  ... 
Lobdell 


Distance 

fVom  Red 

River  Latid- 

ing. 


Mtlfg. 


14 
22 
23 
31 
37 
43 
60 


Yolnines  of 

discharge  per 

second. 


Feet. 
18,468 
117,792 
40,950 
40,320 
10,000 
12,000 
57,300 


Smaller  and  less  important  breaks  occurred  on  and  after  April  21. 

Since  the  first  flow  of  a  crevasse  is  small,  and  coiviidering  the  dates  of  breaks  and 
highest  gauge  readings  in  the  tables,  also  considering  the  hydrographs,  it  follows 
that  very  nearly  all  o?  the  loweriugs  of  the  flood  line,  as  mejiHured  above,  resulted 
from  the  Nita  crevasse  alone,  and  that  the  later  crevasses  did  not  affect  the  highest 
gauge  readings  at  College  Point  and  Carrollton.  Such  crevasses  prevented  the  flood 
une,  however,  from  going  above  its  highest  readings  at  Hayou  Sara,  Baton  Rouge, 
and  Plaquemine. 

It  is  now  proposed  to  give  the  amounts  of  the  lowering  of  the  flood  line,  based, 
not  upon  the  gauge  relations  from  observations  of  1890  alone,  as  above,  but  upon  the 
mean  relations  obtained  from  gauge  readings  of  all  the  floods  available  and  perti- 
nent to  the  purpose.  These  floods  and  the  periods  of  rising  stage  betw^een  bank 
overflow  and  the  commencement  of  crevasses  are,  for  Carrollton  and  Baton  Rouge: 

1890,  Feb.    l-Mar.  11^ 

1884,Feb.  22-Mar.  12j 

Plaquemine  and  College  Point  readings  are' missing  for  1887  and  1888,  and  Bayou 
Sara  readings  for  1884,  1887,  and  1888. 
Proceeding  aa  for  1890,  Plate  3  shows  the  mean  curves  of  corresponding  gauge 
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roadingB  from  all  tho  observations  indicated.    The  following  table  gives  the  result- 
ing amounts  of  the  lowering  of  the  1890  flood  line,  also  the  mean  amounts  from  1890: 


Locality. 


Bayou  Sara  . . 
Baton  Rouge, 


PlaqtunniDO ^. 

CuIfegiB  Point 

Oarrulton 


Mean. 


Ftft. 


Eomarks. 


2.00 


From  1890. 


2. 22  I    ¥t»\i\  4  ypnr» 

sItS    ll^^'mayoarH \\ 

from  4  yeafH 


Feet. 


3.02 
3.92 
5.98 
4.48 
8.33 


To  get  the  maximum  net  effect  of  all  the  crevasses  at  one  time^  in  depressing  the 
no-crevasse  flood,  according  to  the  data  and  method  herein,  there  should  be  sub- 
tracted from  the  deduced  flood  heights^  instead  of  the  highest  gauge  readings,  the 
readings  at  times  obtained  by  applying  time  intervals  from  Red  River  Lauding,  April 
23,  a.  m.  The  results  would  be  larger  than  the  amounts  of  the  actual  lowering  of 
the  flood  line  previously  given  by — 

Feet. 
For  Bayou  Sara ...  p 1. 1 

For  Baton  Rouge 0.9 

For  Plaquemine ^ 1.1 

For  College  Point 2.6 

For  Ca  rroll  ton .• 1.9 

Sneh  maximnm  net  effect  obtained  April  23-25,  and  is  the  ditlVrence  in  height  be- 
tween what  the  no-crevasse  flood  would  have  been  at  that  time  and  what  the  crevasse 
flood  waa. 

CuAS.  F.  Powell. 

St.  Louis,  November,  1890, 
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PAPER  BY  CAPTAIN  CHARLES  P.  POWELL,  CORPS  OF  ENGINEERS,  ON  EFFECTS  OF  OUT- 
LETS ON  TUB  BED  OP  THE  RIVER  BELOW  THEM. 


Engineer  Office,  IJnitei>  States  Army, 
♦     -  -  Siotix  Citiff  Joxca,  May  :i,  1891. 

Gbnrral:  When  secretary  of  the  Mississippi  River  CommlHsion,  I  iuHtitiited  an 
invent igation  of  the  efl'ects  of  outlets  on  the  bed  of  the  main  river  below  them.  The 
matter  waa  explained  to  my  successor,  and  a  memorandum  showing  the  intended 
scope  of  the  inveatigation  handed  him;  the  data  and  plots,  as  far  com  pi  led  or  drawn, 
were  left  at  the  office.  Since  then  I  have  added  some  data,  and  now,  at  your  invita- 
tion, I  send  the  following  statement  of  the  investigation  and  a  discussion  of  results : 
The  first  effort  was  to  make  copies  of , old  hydrographic  plots  from  engineer  sur- 
veys and  the  delta  survey,  not  on  flle  at  the  Commission  office;  to  exauiint^  the 
records  and  reporta  for  obtaining  all  reliable  and  comparable  meaHuremeiitH  of  the 
river  sections  near  and  below  outlets,  and  to  compile  a  history  of  the  oiitlctH  where 
such  measurements  were  obtained,  for  an  intelligent  discnssion  of  the  outlet  eff  iM'ts. 
Keqnisite  data  are  unfortunately  limited,  and  for  some  of  the  outlets  entirely  lack- 
ing;. 

The  measurements  of  the  river  sections  below  outlets  were   made  at  ditferent 

heights  and  conditions  of  river  stage.    Judging  that  the  effects  of  stage  might  nnuik 

the  outlet  effects,  and,  if  known,  furnish  a  key  to  the  mystery  of  discrepant  results, 

in  examination  was  made  of  the  effects  of  river  stage  at  the  discharge  seetioiiH  from 

Jairo  to  Carroilton,  removed  from  outlet  influence.    This  examination  showed  by 

neans  of  plots,  and  in  a  decided  way,  that  at  the  diHcharge  seetions  named  a  generally 

ising  river  scours  the  bed  and  a  generally  falling  river  tills  it;  nothing  came  of 

attempts  to  trace  the  effects  of  comparatively  small  changes  of  stage,  but  the  large 

tet  changes,  considered  as  units,  certainly  appeared  from  the  plots,  showing  liydro- 

Taphs  and  areas  of  sections  for  graphic  comparison,  to  cause  effects  on  the  bed  as 

tated. 

Laws  of  sooor  and  fill  at  the  discharge  sections,  which  are  in  the  straighter  and 
UTTOwer  reaches  of  the  river,  may  not  obtain  at  wide  and  shoal  places^  a  close 
caminationof  this  point  was  intended,  but  is  not  now  practicable.  A  discussion 
r  it  is  not  now  specially  pertinent  to  the  present  inquiry,  since  the  four  outlets  con- 
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BJdoreil  are  at  deep  reaches;  only  one,  Horgansa,  is  in  a  sharp  bend;  the  others  are 
in  reaches  more  or  less  straif^ht. 

That  the  rising  Mississippi  with  increased  velocity  and  volume,  and  hence  greater 
euerffv,  should  scour,  and  that  the  receding  flood  when,  the  velocity  is  diminishing 
should  deposit  from  its  heavy  load  of  sediment,  is  an  equally  good  theory  to  the  gen- 
erally accepted  one  of  fill  below  an  open  outlet  and  of  scour  below  a  closed  one.  It 
seems  to  me,  while  floods  cause  deposits  that  they  are  made  on  the  receding  st-age 
and  to^its  lowest  point,  and  not  on  the  advancing  stage,  and  that  the  cutting  out  of 
bar  channels  across  shoal  places  at  low  and  flftlling  stages  should  not  be  considered  a 
proper  exception  to  the  general  law  indicated;  neither  should  the  case  whex^  the 
shining  of  the  thalweg  on  a  rising  river  acts  to  temporarily  mold  a  new  form  of 
section.  In  the  first  case  a  contraction  is  effected  in  a  greater  proportion  than  the 
diminution  of  volume ;  the  channeL  too,  being  better  denned,  is  more  closely  followed 
by  steamers,  and  a  stirring  up  of  the  bottom  deepens  the  channel  in  some  degree. 

Below  Red  River,  where  the  outlets  considered  are  located,  the  river  width  is  about 
constant  for  all  stages,  the  channel  wide,  and  the  bottom  so  deep  that  it  can  not  be 
sensibly  affected  by  steamer  wheels.  The  river  is  more  straight  than  above,  and  the 
thalweg  location  more  constant.  The  tendency  for  the  thalweg  to  take  a  shorter  line 
when  tne  river  is  rising  is  neutralized,  more  or  less,  in  case  of  an  outlet  by  the  draw 
towards  the  outlet. 

At  the  least,  the  record  is  such,  omitting  opinion  or  theory,  that  for  a  safe  com- 
parison of  river  sections  to  discover  outlet  effects,  it  should  be  made  between  sections 
measured  under  similar  circumstances  of  river  stage  and  condition. 

Another  side  examination  was  to  see  about  the  effect  of  (H'evasses  on  controlling 
depths  in  the  reaches  below.  Levee  breaks,  as  well,  as  breaks  through  the  natural 
banks,  generally  occur  where  the  river  is  deep  and  where  a*  fill  would  be  no  present 
detriment  to  navigation;  raising  of  the  crossings  would  be  detrimental.  For  this 
examination  the  only  data  which  seemed  available  were  the  surveys  of  1882  below  the 
Mississippi  csevas^es  of  that  year,  from  Malone  to  Arkansas  City.  Assistant  En- 
gineer J.  A.  Ockerson,  who  has  furnished  valuable  aid  throughout  for  the  investiga- 
tion, made  the  examination  referred  to.  His  statement  is  appended.  He  finds  from 
the  data,  that  while  the  fills  in  the  pools  were  decided,  the  crevasses  had  but  little 
effect  on  the  controlling  depth  of  the  crossings. 

The  somewhat  decided  average  fills  at  sections  below  the  crevasses  named,  as 
shown  by  the  surveys  of  1882,  have  been  prominently  cited  as  positively  proving 
that  outlets  do  raise  the  river  bed.  Now,  there  were  only  two  surveys,  living  one 
set  of  comparisons;  the  first  survey  was  made  during  the  rising  stage  ot  the  great 
flood  of  1882  and  the  other  at  low  water  after  the  flood  receded.  Tne  sections  are 
not  comparable  for  the  purpose  desired,  there  being  no  way  of  eliminating  effect's  of 
river  stage  and  condition,  or  of  even  showing  which  component,  stage  or  crevasse, 
was  the  larger  in  making  the  fill,  supposing  that  both  acted  to  that  end. 

Another  deceptive  conclusion  as  to  outlet  effects  on  the  river  bed  has  been  drawn 
f^om  comparisons  of  sections  above  aud  below  outlets,  wherein  the  lower  sections 
were  found  to  be  smaller,  and  made  to  apply  particularly  to  outlets  making  from 
bends.  This  method  assumes  that  sections  of  a  river  reach  are  normally  of  equal 
areas.  An  examination  was  made  of  sections  at  the  head  and  foot  of  several  bends, 
removed  from  crevasses;  in  a  majority  of  cases  the  larger  section  was  at  the  head. 
The  theory  of  fills  below  outlets  is  derived  from  the  fact  of  the  lowering  of  the  water 
surface  at  the  outlet,  and  consequently  the  l^ss  of  slope  and  velocity  below.  A  gain 
of  slope  and  velocity  above  must  be  likewise  acknowledged ;  a  scouring  effect  results 
thereby,  and  the  comparison  of  sections  above  and  below  does  not  show  how  much 
of  the  difference  is  due  to  scour  at  one  section  or  fill  at  the  other. 

Therefore,  to  give  a  proper  measure  of  outlet  eflccts,  sections  below  the  outlet  only 
should  be  compared  together. 

With  this  preface,  longer  than  I  wish  it  were,  I  proceed  to  the  germ  of  the  paper, 
commencing  with  the 

HORGANZA  CREVASSE. 

History. — May  19, 1850,  opened.  After  1865,  closed ;  no  further  record.  April,  18(i6, 
closed;  no  record  of  next  previous  break.  April  15,  1874,  opened.  February,  1884, 
closed.  March  14,  1884,  opened.  January,  1887,  closed;  just  after  survey  of  that 
year.    April  22,  1890,  opened. 

Surveys — Soundings  on  eight  sections  below  the  crevasse,  covering  about  5  miles  of 
river,  were  made  under  the  Commission,  in  1883,  1887,  1888,  and  18^,  giving  the  fol- 
lowing 
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Means, 


Survey. 


February,  1883 . 


January,  1887  .. 


January,  1888 


Condition  of  cre- 
vasse. 


Open  for  9  years 


Open  for  3  years . . . . 


Closed  for  1  year. 


October,  1880...   Closed  for  3  years... 


Maximum 
depth. 

Mean 
depth. 

Area. ' 

Feet 
92.2 

Feet. 
44.5 

Sq.ft, 
111,523 

74.3 

38.2 

92,809 

80.5 

39.1 

96,484 

74.8 

36.7 

91,701 

Notes. 


Carrollton  gautfe,  5  to  12  ieot, 

rising  towaros  high  from  1.8 

feet,  January  1  ■ 
Small    rise    D'ecember,    U8G: 

8ameJauuary;la8trirte  rroiii 

February  1. 
Small   rise    Bf^tMubtT,    1887; 

good  rise  end  of  Jiruuary, 

fowards  hiehest. 
Low  and  faUfng. 


No  other  measaremeuts  were  found.  These  are  are  good  and  reliable,  and  more 
than  ordinarily  uamerons  at  each  survey. 

From  the  table  it  is  found  that  a  closure  of  the  crevasse  for  a  year  was  followed 
by  a  scouring  of  the  channel;  a  continual  closure  for  2  years  more  shows  just  about 
as  much  jin  as  the  scour  measures,  so  that  an  open  crevasse  and  a  closed  ouo,  enrh  for 
3  years,  give  nearly  the  same  sized  channel;  the  longest  period  of  closure  corre- 
sponds to  the  smallest  of  four  channels,  and  the  longest  period  of  open  crevasne  cor- 
responds to  the  largest  channel;  thus  it  would  seem  that  the  open  crevasse  scoured 
ana  the  closed  one  filled  the  main  river  bed  below. 

Considering  the  stated  law  of  river  stage  and  condition  alone  we  might  expect 
the  largest  section  in  1883,  the  next  in  1888,  the  next  in  1887,  and  the  smallest  in 
1889,  which  is  exactly  what  we  find  from  the  measurements. 

Of  tlie  surveys,  those  of  1887  and  1888  only  were  made  under  approximately  simi- 
lar circumstances.  The  floods  preceding  were  about  of  the  same  heij^lit,  tliat  of 
1887  being  a  little  higher  near  the  outlet,  and  that  of  1886  being  generally  higher 
for  the  whole  river;  the  drop  of  the  flood  of  1886  was  the  more  regular  and  sharp, 
possibly  making  a  little  more  deposit  than  made  in  1887  during  the  flood  recession  of 
that  year;  .the  spring  rise  of  1887  commenced  earlier,  and  included  more  of  the  sur- 
vey period  than  did  that  of  1888,  but  the  former  rise  was  the  more  irregular  during 
the  survey  period. 

Considering  the  effects  of  the  river  stage,  however,  as  equal  at  the  two  surveys  and  no 
other  cause  applied  than  the  closure  of  the  crevflsse,  there  results,  as  an  effect  of  the 
closure  for  a  year,  a  scouring  of  the  river  bed  of  5  per  cent,  of  the  area  of  former  sec- 
tion, about  a  large  enough  margin  for  errors  of  observation,  indicating  that  the  clos- 
ing of  the  crevasse  had  if  any  influence  but  a  small  one  of  scour  on  the  river  bed  below. 

On  the  whole,  and  f^om  a  consideration  of  all  the  measurements,  the  only  conclu- 
sion which  seems  warranted  by  the  record  for  Morgaiiza  is  that  the  influence  of  river 
stage  greatly  predominates  over  the  outlet  effect,  and  masks  the  latter  so  closely 
that  neither* its  amount  nor  direction  can  be  stated. 

BOI4NET  CARR^  CKRVASSE. 

History. — December  19,  1849,  opened;  over  7,000  feet  wide;  1850,  closed  after, Jul v; 
April  20,  1859,  opened;  1859,  closed;  April  19,  1871,  opened;  winter  of  1871  and  1872, 
closed;  April  11, 1874,  opened;  1882,  closed  after  survey  of  same  year. 

Surveys. — ^The  following  gives  dimensions  of  a  section  below  thecrevas.so,  taken  from 
different  surveys  and  reduced  to  a  stage,  reading  15.2  feet  on  the  Carrollton  gauge: 


Surveys. 


July,  1850,*  PorBhey 

February,  1851,  EUet 

June,  1»1,  Smith 

February,  1850,  Pattison 

SeptemMr,  1874,  Board  of  Englneen-,  La 

8<rptember,  1875,  Board  of  Engineent,  La 

January,  187<l,t  Const  Survey , 

October,  1876,  Coast  Survey 

Hay,  1878,  Board  of  Engineers,  La 

March,  1879,  Coast  Survey. 

Tebmary,  1^.  Board  of  Engineers,  La 

December,  188S!,  Miaeissippi  River  Commi^hiun  . 

WoTtember,  1W3,  Missisarppi  River  Commissiou. 

^otober,  1884,  Miaslasippi  River  Commiasion  . . . 


Condition  of  crovasso. 


Dei»th. 


Maxi- 
mum. 


Open,  one-half  year. 
Closed.one-halfyear. 
Closed, one-lialf  year. 

Closed,  8^  YCMirs 

Open,  one-lialf  year. 

Open,  1^  yonrs 

Open,  2  years 

Open,  2^"^  years 

Open,  4  years 

Open,  5  years 

Open,  6  yi'nrs 

Open,  8i  years 

Closed,  1 '  yeiir 

Closed,  2  yearte 


Feet. 
66 


80 
76 

87 
82 
82 
78 
76 
85 
68 


Mean. 


Feet. 
46 
45 
49 
44 
42 
50 
55 


43 


47 
35 
44 

88 


Area. 


Sq.ft. 
147,500 
154.000 
167,000 
151, 200 
144,200 
170, 778 
188, 3U2 


147, 359 


159.288 
125, 798 
181,318 
146, 118 


*  Bottom  velocity  is  stated  (H.  &  A. )  to  have  been  more  than  I  iuut  per  second  greater  below  the 

"eak  than  above. 

f  Scage  some  doubtful,  but  believed  to  be  correctly  used. 
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An  inspection  of  the  table  remlily  8lio\v8  the  hick  of  fair  correHj^ondence  between 
channel  Hize  an«l  either  comlitiou  of  the  crevasHc.  The  direction  of  change  of  area 
is  somewhat  more  often  in  favor  of  aii'incrcaHe  of  area  for  a  closed  crevasse  and  de- 
crease for  an  open  one  than  otherwise ;  the  mean  area  when  the  crevasse  is  closed  is 
149,927,  and  when  open  154,461  sqnare  feet. 

The  area  of  the  section  of  1859,  after  the  crevasse  had  been  closed  8  to  9  years, 
nearly  equals  the  mean  area  of  all  sections ;  five  sections  from  1875  to  V8S2,  when  the 
crevasse  was  open,  inclnde  the  largest  two,  the  smallest  and  two  intermediate  sized 
sections. 

Arranging  the  areas  in  order  of  the  greatest  to  the  least,  there  follows: 


No. 


1 
2 

8 

4 

6 

7 

8 

9 
10 

11 
12 


Are*. 


Sq.ft. 
188,:i02? 
170, 778 

167,000 

150.288 

154,000 

151,200 
147, 600 

147,350 

146,118 
144,204 

131, 318 
125,798 


Crevasse. 


Open,  2  yeftra . 
Optfii,  H  years 


Closrd.     ono-half 
year.  — 

Open,  6  years. 

Closed,  one-half 

Closed,  8|  years... 
Open,   one- half 

year. 
Open,  4  years 


Closed,  2  years 

Open,    o  n  e-h  a  I  f 
year. 

Closed,  1  year 

Open,  8  lyears.... 


Thne  of  survey. 


January,  1876 

SeptemDor,  1875. . . 

June,  1851 

February,  1880 

February,  1851 

February,  1859 

July,  18,% 

May,  1878 

October,  1884 

September,  1874... 

November,  1883... 
December,4882  ... 


Notes. 


5  to  10  feet,  rising. 

10|to  6  feet,  falling ;  sharp  rise  August  and  early 
Septenilier. 

Highest  late  March;  then  slow  fall;  sharp  rise 
from  May  25  through  June. 

11.5,  8.7,  and  11.5  feet;  generally  rising  in  Jan- 
uary. 


10|  feet,  ftiUing  slowly;   highest  March  and 

May,  11.3  and  11.2  feet. 
1.8  to* 3.0  feet:  rising. 
1  to  2  feet ;  stand. 

1.8  to  5.3  feet;  on  winter  rise. 
2.5  to  1.8  feet;  falling. 


It  can  he  noticed  from  the  table  that  four  of  the  first  six  areas  are  from  sonndings 
made  during  the  rising  flood  months,  January  and  February ;  that,  contrary  to  the 
usual  rule,  there  was  a  sharp  late  summer  rise  in  1875,  possibly  accounting  by  re- 
sulting scour  for  the  large  section  of  *that  year:  and  that  a-similar  rise  occurred  iu 
1851  just  before  and  during  the  survey ;  also,  that  the  last  six  areas  were  measured 
in  ordiuary  falling  or  low  stage  months,  the  notes  showing  that  such  stages  ob- 
tained for  five  of  the  six  surveys;  in  November,  1883;  the  time  of  the  other  survey, 
there  was  quite  a  sharp  rise. 

The  last  three  surveys  named  in  the  first  table,  ones  by  the  Commission,  include 
soundings  on  nineteen  sections  below  the  crevasse,  oommeucing  at  its  lower  end. 
Mean  measurement's  t)f  these  sections  ore  shown  below.  They  are  reduced  to  a  da- 
tum different  from  the  datum  of  the  previous  tables ;  these  mean  sections  are  judged 
to  be  good  and  more  usefiil  than  the  others,  since  the  latter  are  single  sections : 

Means, 


Dato. 


December.  1882 
N»>vemlM'r,  1883 
October,  1884... 


Crevasse. 


Oiien  8^  years 
(•Wed  1  year. 
CIose<l  2  years 


Depth. 


Feet. 


61 
64 
68 


Area. 


Sq.ft. 
153, 671 
157,014 
173,055 


Carrollton  gauge. 


2.5  to  1.8  feet;  falling. 
1.8  to  5.3  feet;  rising. 
1.8  to  3.9  feet;  rising. 


The  increase  of  mean  sectional  area  fV*om  1882  to  1884,  about  13  per  cent.,  appar- 
ently indicates  a  scouring  from  a  closed  crevasse  over  that  of  an  open  one,  which 
inference  is  confirmed  by  the  measurement  of  the  intermediate  year. 

The  floods  preceding  the  surveys  were  great  ones;  they  reached  the  respective 
highest  readings  at  the  Carrollton  gauge  of  15.0,  15.4,  and  15.6  feet;  the  highest 
points  at  the  other  stations  difter  iu  order  from  this;  and  the  orders  at  the  other  sta- 
tions also  difter  among  themselves. 

It  might  be  noted  that  the  levees  of  the  lower  river  were  extended  and  raised  dur- 
ing the  period  of  surveys,  and  that  during  the  survey  of  1882  the  river  was  faUing 
and  in  the  other  years  rising.  The  latter  two  circumstances  especially  make  the 
sections  less  comparable  than  they  ought  to  be  for  a  decided  conclusion  as  to  the 
crevasse  effect;  these  alone  might  readily  account  for  the  changes  of  sectional  areas. 
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On  the  whole,  and  considering  all  the  observationB^  a  conclusion  for  Bonnet  Carr£, 
similar  to  that  drawn  for  Morgauea,  although  less  in  degree,  seems  proper. 

cubitt's  gap. 

History. — Cubitt's  Gap  formed  in  1862  from  a  cut  through  the  bulkhead  of  fisher- 
man's canal;  the  water  flowed  as  through  an  orifice  onto  a  flat  of  the  Gulf,  and  soon 
commenced  to  form  a  delta,  thereby  causing  the  outlet  to  gradually  deteriorate  but 
not  wholly  closing.  No  record  was  found  fixing  the  time  ox  maximum  flow  or  capac- 
ity of  the  gap. 

DimensUfM  of  the  gap. 


Sectional  o}>eninj^. 

Diaohargo 
second. 

Survey. 

Width. 

Max. 
depth. 

Flood 
area. 

lUniinrks. 

1868,  C<ia»t  Survey 

May  1,  1875,  Howell 

Jun*,  1875,  Comt  Survey. 

• 

Feb.,  1976,  OoMt  Survey . 
Mftv  1877  Howell 

Feet. 
2,087 
2,850 

3,617 

nocbge. 

Feet. 

Sq.ft. 

Cvbicfeet. 

115 
over  100 

Boat  depths  1  mile  aeaward,  4 

feet. 
Diacharge  not  over  109  per  cent. 

of  that  of  1876. 
Depth  1,200  feet  seawards  not 

over  10  feet. 

129,000 
119.000 

124, 6oe 

113 

es 

Dec.,  1883.  Heaer 

2,875 

FYom  the  survey  of  1876,  it  was  found  that  the  area  of  section  150  feet  seawards 
from  the  opening  was  ^,300  square  feet,  and  1  mile  farther  the  aggregate  area  of 
pasooo  68,748  square  feet.  From  observations  made  by  Major  Davis  in  1874,  a  depth 
of  124  feet  was  obtained  at  the  entrance  to  the  gap,  and  of  4  feet  a  few  hundred  feet 
seawards.  M^jor  Davis  states  that  at  th^t  time  there  was  considerable  delta  forma- 
tion spread  out  fan-shaped  with  many  outlets  or  passes  quite  shoal  at  the  outer  ends. 

Professor  Mitchell  has  remarked  that  the  impinging  of  the  river  on  the  south  point 
of  the  gap  cnt  that  part  away  faster  than  the  north  point  shoaled;  this  explanation 
acconnts  foir  tiie  widening  at  the  head  while  the  capacity  of  the  gap  may  have  been 
diminishing. 

It  is  Judged  that  the  outlet  attained  its  maTimum  capacity  before  1874,  and  prob- 
ably BeTenJ  years  before. 

SKCnONB  OF  MISSISSIPPI  RIVER  BELOW  GAP. 

2j500  feet  helow. 


Surreys. 

Max. 

depth. 

Widths  of  water  way. 

Carrollton  gauge. 

60  feet. 

50  feet. 

40  feet. 

1838.Taloott 

Feet. 
75 

Feet. 
1,300 

Feet. 
2,100 

Feet. 
2.850 

1864 

Gap  opened. 

46 
54 
51 

58 

48 

1,800 
2,200 
1,800 

1,800 

1,540 

Hay  1,  187S.  HoweU 

Febmaiy,  1876,  Coast  Sur- 
rey. 

IffAvnh    iUti    TTAnAr 



1,080 

Top  of  flood,  11.3  feet  on  May  3-18. 
0.0  feet  to  11.2  feet;  spring  rise. 

14  feet  to  15  feet ;  top  of  great  flood 

near  end  of  March. 
Slow  riHo.  fkT>ni  Oct.  15  to  Deo.  15: 

7j0 

Beccouber  26,  ISSS^Houer.. 

. 

then  8  foot  to  5  feet  at  end  of 
December. 

About  two  miles  helow. 


Survey. 


I«W,  Taloott , 

1866.  Coaat  Surrey 

April  or  May,  1877,  roa»t  Survey 
''Oee«mb«r,  1883,  Henor 


Max. 
d(*)>th. 


Feft. 

4!) 
4:{ 
42 


Wipth  of 
40-ffmt  wa- 
ter way. 


Feet. 
•J,  600 
2,000 

800 


Stage  oiielinlft-o  two-thirds,  rhlug. 
St4ige  onu-tliird  to  oue-half,  t'uHiug. 
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Planes  of  rtferenoes  far  soundings. 


.Sappofled  to  be  xn.  1.  w. 


1866 

1876  f * 

1887/ 

1875    . . . ., Low  tide  on  low  river  at  Head  of  Fasften. 

jl^l Zero  of  United  States  engineer  gauge  at  Head  of  Passes. 

« 

The  tables  hIiow  a  very  marked  decrease  of  water  way  of  the  main  river  below 
the  gap  after  it  opeued  as  compared  with  the  single  snrvey  made  several  years  be- 
fore opening,  for  which  no  explanation  is  suggested  other  than  the  outlet  influ- 
cnct".  The  emu  Host  section  observed,  next  below  the  gap,  was  in  1866,  just  aboat 
which  year  the  outlet  probablv  ran  the  fullest. 

Cnbitt's  Gap  appears  from  the  observations  to  be  a  case  where  the  fill  on  the  river 
bed  as  an  effect  of  the  outlet  considerably  exceeded  any  opposing  action  of  8c<hir 
by  rising  stage  of  river. 

That  a  fill   oelow  the  gap  did  occur  after  1866  is  further  shown  by  Marindin  com- 

tiarisous.of  mcitn  depths  of  areas  in  the  river  as  tabulated  below.    The  surveys  were 
»y  the  Coast  Survey.    Further  details  are  given  in  Mr.  Marindin's  report,  for  which 
see  the  Conmiission  report  for  1882 : 


Surveys. 

Areas  compared. 

Mean  shoaling. 

1866-1876 

From  south  point  of  gap  for  1,800  feet  downstream 

From  lower  limit  of  above  area  to  Cobitt's  house 

From  Cubitt's  house  to  very  near  Head  of  Passes 

Feet. 
1. 6  or  0. 16  per  year. 
3. 9  or  0. 35  per  year. 
3. 6  or  0.40  per  year. 

1866-1877 

1866-1875 

In  connection  with  the  investigation  as  to  Cubitt's  Gap,  an  examination  was  made 
l)y  Mr.  Ockerson  of  the  Engineer  surveys  at  the  Head  of  the  Passes.  Mean  depths  in 
the  part  of  the  river  covered  by  the  surveys,  about  2,000  feet  long  and  next  upstream 
from  the  South  Pass  works  at  the  Head  oi  the  Passes,  are  shown  below : 


Time  of  survey. 


June,  1880. 
18H1. 
18i<2. 


Mean 
depth. 


May, 


1H«3. 
1S84. 
1885. 


Feet. 
26.7 
27.2 
27.4 

28.2 
27. 0 
26.0 


(Moan) 27.1 

April.    1886 1  2777 

1887 28,0 

1888 27.0 

March,  1889 27.4 

1890 29.2 


(Mean) 


27.7 


Carrollton  gauge. 


10.1  to  6.4  feet;  falling  after  higbcHt  in  April. 
12.3  to  10  feet;  falling  after  hiffbest  in  April. 

St4uid,  12.6  feet  during  June;  highest  in  March  and  April;  slow  fall  May 

1  to  June  1. 
13.7  to  12.6  feet^  falling,  highest  in  April. 
Stsnd,  13.6  feet;  highest  in  March;  small  fall  April. 
11.7  to  10.8  feet,  falling;  highest  January  and  Feoruary ;  irregular  March 

and  April. 

8.4  to  13.4  feet;  rising  towards  last  of  May. 

14.2  to  8.9  feet;  rising,  then  falling;  highest  in  early  May. 

10.3  to  14.1  feet;  rising  to  highest  In  early  May. 
Kieing,  then  falling;  higbcHt  at  middle  of  month. 
Rising  14.8  to  15.2  feet ;  Itigliest  in  April,  15.5  feet. 


From  this  it  does  not  appear  that  the  shoaling  next  below  Cubitt's  Gap  is  dupli- 
cated since  1880  at  the  Head  of  the  Passes.  It  may  be  noticed  that  the  first  six 
surveys  were  generally  made  during  falling-stage  mouths,  and  the  last  live  gener- 
ally during  rising-stage  months:  also  that  the  first  two  tables  plainly  indicate  a  re- 
lation between  river  stage  and  river  bed  in  those  cases  where  the  stage  is  known. 


THE  ATCHAFALAYA. 


History. — Before  Shreve  Cnt-off,  1831,  this  stream  was  an  outlet  proper  of  the  Mis- 
sisfiippi ;  since  the  cut-off  the  Atchafalaya  has  remained  practically  an  outlet,  either 
by  <lrawing  off  Red  River  water,  which  otherwise  would  have  gone  to  the  Missis- 
s'ppi,  or  by  receiving;;  water  from  the  main  river  via  Upper  or  Lower  Old  River,  one 
or  both,  in  the  lir.st  case  the  Mississippi  is  depleted  by  the  diversion  of  a  tribu- 
tary }  in  the  other  by  the  direct  abstraction  of  part  of  its  volume.    In  both  cases 
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effects  in  the  same  direction;  on  the  hed  of  the  main  river  below  Old  River,  although 
perhaps  not  of  equal  extent,  might  reasonably  be  expected. 

The  Atchafalaya  was  formerly  choked  and  nearly  filled  for  miles  by  immense  rafts 
of  timber:  the  removal  of  the  rafts  was  undertaken  in  1840  and  the  work  steadily 
prosecuted  until  1861.  From  reliable  statements  and  observations  it  appears  that 
upon  removal  of  the  rafts  the  Atchafalaya  rapidly  enlarged.  The  early  commission 
reports  and  Major  Benyaurd's  reports  about  1880  detail  circumstances  showing  the 
enlargement  and  express  opinions  to  the  effect  that  the  Atchafalaya  had  again  be- 
come an  important  outlet  of  the  Mississippi.  In  the  former-named  reports  are  given 
the  following  comparisons  of  a  section  at  the  head  of  the  Atchafalaya: 


Authority. 


Delta  survey 

Delta  snirey .♦. 

IfUJor  Howell 

Mi^or  Benyaurd 


Year. 

Section 
area. 

High 
water, 
width. 

1851 
1850 
1874 
1879 

8a,  fU 
24,400 
28,700 
88,160 
52,100 

F«eL 
730 
830 
881 
940 

Maximum 
depth. 


Feei. 


52 

63 

114 

130 


Increase. 


Feet. 


4,300 
14,160 
27,700 


Per  oent. 
of  in- 
crease. 


.172 

.605 

1.134 


The  following  were  compiled  from  discharge  measurements : 

Atckafalaya  wctUon  SfOOOfeet  heUno  Head. 
[Datum  51  feet  on  Batbn  T«aiiding  gauge,  H.  W.  1882.] 


Date. 


Jane  16-Jaly  23. 1880 

Aug.  16-Oct.  5, 1880 

Oct  25. 1881 

Dec.  13, 1881-Mar.  24. 1882 

liar.  2&-KOV.  16, 1882 

Jane  20. 1883 

Jan.31-Mar.20,1885 


Ifo.  of 

obHerva- 

tions. 


2 
3 


24 

56 

1 

8 


Barbre 

Landing 

gauge. 


FeeL 
26.7-30.0 
15.9-10.4 
14.0 

80.9-50.6 
50.9-13.3 
38.7 
42.6-33.1 


General 
stage. 

Mean 
area. 

Rising 

Falling 

Rising 

...do 

Falling 

...do 

...do 

8n./t 
41,001 
40,281 
40, 410 
40,653 
39,654 
45,966 

44,or.9 

Mean  max- 
imum 
depth. 


FeeL 

86.3 
82.7 

87.6 

89.1 
86.5 
93.6 


Atchafalaya  section  at  Simmspart, 
'  [Datum  32.3  feet,  Simmsport  gauge.] 


Date. 


jMi.l7-3Car.l3,1889 
Xar.aa-May28,1889 
Mar.e-Apr.l7a890. 
Kay  e-Hay  lA,  1800. 


No.  of 
observa- 
tions. 


Simmsport 
gauge. 


13 

13 

8 

6 


Fe«L 
20.4-32.3 
30. 8-13. 0 
40.3-45.2 
44.8-44.0 


General 
stage. 

Mean 
area. 

Rising 

FaUing 

Rising 

Falling 

Sq.fL 
43, 212 
43,032 
46,473 
52,236 

Mean  maxi- 
mum 
depth. 


Feet. 
79.8 
79.5 
8a.9 
92.9 


Some  16,000  square  feet  should  be  added  to  the  Simmsport  areas  for  comparison  with 
those  of  the  next  upi>er  section.  Captain  Kingman  says  in  his  report  of  1889,  that 
the  eJctNme  hi^h- water  area  at  site  of  dam  No.  1  (Simmsport)  was  63,470  square  feet, 
and  IB  expected  to  be  50,710  over  the  dam  ;  the  dam  wiis  built  in  that  year.  It  might 
be  expected  that  the  head  of  the  river  was  larger  than  a  few  mUes  below,  still  it  un- 
doubtedly appears  that  the  bed  of  the  Atchafalaya  enlarged  very  considerably  from 
1851. 

Ifot  only  the  river,  however,  but  the  whole  basin  should  be  cousidored  as  the  out- 
letfor  high-water  escape.  The  first  record  found  of  any  levecving  at  the  head  of  the 
basin  is  an  account  of  the  United  States  lovee  from  the  Atchafalaya  to  Bed  Biver 
Landing;  this  was  commenced  in  1882  and  completed  in  1883.  In  late  years  the 
whole  front  had  been  closed  to  the  river-bauk  levees,  and  probably  the  high- water 
capacity  of  the  whole  basin  as  an  outlet  uf  the  Mississippi  has  in  the  last  4  to  2  years 
been  lestricted,  or  at  least  not  enlarged. 
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For  finding  what  iime8  and  extent  the  Atcliafalaya  wra  an  outlet  proper,  the  read- 
\ujc»  of  Barbre's  Laudinjc  gaii£o,  since  its  establishment,  June,  1880,  were  compared 
with  those  of  the  Red  Kiver  Landing  gauge  after  proper  corrections,  including  slope 
from  Old  River  to  Red  River  Landing.  In  1880  to  1890,  except  1881, 1882,  and  1887, 
tibe  current  wa^  up  Old  River  during  the  low- water  months,  the  slope  varying  from 
3.3  feet  in  1889  to  7.3  feet  in  1884.  In  the  excepted  years  the  current  was  down  for 
the  low-water  months,  the  slope  reaching  maxima  of  4  feet  in  1880,9  feet  in  1882,  and 
12.5  feet  in  1887.  During  high  and  mecUum  stages  the  slope  was  generally  from  0 
to  1  and  2  feet,  occasionally  about  3  feet,  and  rarely  4  feet,  and  of  very  irregular 
and  ohangeable  direction.  So  we  see  that  the  Atchafalaya  for  the  last  10  years  has 
generally  received  Mississippi  River  water  daring  the  lower  stages,  and  only  in  au 
intermittent  way  during  other  stages. 

• 

MissisHpjti  River  aecU&ns  at  Bed  Biver  Landing  (Delta  survey). 


Date 


March,  1851 

1851 

High  water  1858 


Areabetween 

banks  at 
high  water. 


Sq.ft, 
270,208 
200,784 
240,000 


Maxiraam 
depth. 


Feet, 


126 


^Remarks. 


Seotioii  25,  in  front  of  post-office. 
Section  26. 
Two  seotiona. 


Note. — ^The  high  waters  of  1851  and  1858.  at  Natchez  were  the  highest  in  June  and 
April,  the  former  1.4  and  the  latter  0.7  feet  less  than  the  highest  at  the  same  station 
in  1882,  which  reading  at  Red  River  Lauding  gauge  is  the  datum  for  the  following 
sections;  taken  firom  uie  Commission  discharge  measurements: 

Mi8e%99ipp\  Biver  8eci%(m»  at  Bed  Biver  Landing, 


Pate. 


Deo.  14, 1881-Mar.  27, 1882 

Mar.  28-act.  17,  1882 

Oct.  21-Nov.  23,  1882 

Mar.  21, 1884....: 

Oct.  6-Dec.  16,  1884 

Dec.  19,  1884-Feb.  4,  1885. 

Feb.  &-MAr.  30,  1885 

Jan.  10-Mar.  13, 1889 

Mar.  14-May  29,  1889 

Feb.  21- Apr.  18,  1800 

May  1-May  20,  1890 


No.  of 
observa- 
tions. 


55 

146 

22 

1 
54 
28 
85 
35 
32 
15 

6 


Rod  River 

Landing 

gauge. 


Feet. 
'80.3-48.6 
48.4-9.2 
10.6-mean 

46.1 

U.9-mean 
a8^42.] 
42.1-85.4 
19.5-34.0 
33.9-18.7 
41.&-47.8 
47.4-46.0 


General 
stage. 


Rising. 
Falling 
Low ... 
Rising . 
Low . . . 
Rising . 
Falling 
Rising . 
Falling 
Rising . 
FaUing 


Mean 
area. 


Sq./l. 
227. 321 
L>55, 169 
246, 519 
237, 842 
251.453 
256,090 
257, 152 

235,  o;u 

236-717 
223,531 
237,971 


Mean 
niaxiniuiii 
depth. 


Feet. 


7« 
81 
79 


84 
87 
96. 
85 
86 
85 
82 


There  is  doubt  of  the  relative  locations  of  the  two  sets  of  sections.  The  Delta 
survey  section  may  have  been  as  much  as  a  mile  upstream  from  the  Commission's, 
The  record  as  far  as  obtained  shows  a  shoaling,  not  extensive,  of  the  main  river  at 
Red  River  Landing  f^om  the  period  of  1851-1858  to  1881-1890 ;  it  does  not  seem  practica- 
ble to  trace  any  sure  correspondence  between  the  amount  or  rate  of  shoaling  and 
the  growth  or  diminution  of  the  basin  outlet.  The  changes  of  sections  in  the  last 
period  of  measurement  are  not  explained  by  scour  on  a  rising  stage  and  deposit  on  a 
falling  one;  other  causes  had  more  ojOfoct  in  this  case.  Besides  the  want  of  definite 
data,  the  situation  is  complicated  by  the  Red  River  element  making  the  outlet  an  in- 
termittent one,  and  ohangeable  between  overflow  from,  and  inflow  into,  the  Missis- 
sippi, especially  for  high  river ;  Red  River  Bar  appears  from  the  map  to  have  grown 
downstream,  thereby  forcing  a  motion  of  translation,  in  the  same  direction,  to  the 
normal  section  of  the  river.  Raccourci  Cut-off,  S  or  4  miles  below  Red  River  Land- 
ing, and  completed  in  1847,  probably  increased  depths  next  above  the  cut-off  for 
that  time  and  a  short  period  after. 

While  it  may  not  be  safe  to  boHeany  general  law  on  the  effects  of  the  Atchafalaya 
outlet,  it  can  be  said  that  the  filling  of  the  main  river  bed  below,  is  not  fully  and 
satisf'actorily  referretl  to  other  cauHe. 

This  completes  the  record  of  all  uufletH  where  nieasurements  exist  of  the  river  bed 
below  the  outlet  and  made  before  and  aft^r  it  formed. 

Reviewing  the  conclusions  above,  it  may  be  noticed  for  outlets  at  and  below  Red 
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RiTer  (from  where  they  can  be  led  directly  to  the  Onlf),  that,  as  far  as  the  record 
goes,  the  large  all-stage  outlet  was  found  to  cause  a  measurable  and  remaining  till 
in  the  main  river  below,  but  not  the  smaller  and  high  stage  orevaase.  When  the  lat- 
ter ceases  to  flow  the  effect  of  the  riyer,  is  by  scour,  to  return  to  its  normal  section  of 
bed;  and  the  action  of  10  per  cent,  to  20  per  cent,  of  the  whole  river  for  about  one- 
fonith  of  the  time  ouffht  not  to  decidedly  influence  it  for  the  whole  time. 
Very  respectfully,  your  obedient  servant, 

Chas  F.  Powell, 
Captain,  Corps  of  Engineen. 

Gen.  C.  B.  Comstock, 

Corps  of  Engineers,  U.  S,  A., 

President  Mississippi  River  Commission, 


rrATmsKT  bt  assistamt  bngineer  j.  a.  ockbrson,  on  the  effect  of  crevasses 

OK  CONTROLLINO  DEPTH  OF  THE  MISSISSIPPI  RIVER. 

n&e  principal  work  bearing  on  this  a  uestion  is  to  be  found  in  the  surveys  of  De- 
oember,  1881,  and  January,  1882,  and  tne  resurvey  made  below  the  crevasses  in  Octo- 
ber. 1882. 

Tne  first-named  survey  was  made  prior  to  the  great  flood  which  caused  the  crevas- 
ses in  IC^,  and  the  resurvey  was  made  several  months  after  the  flood  had  receded. 

The  latter  survey  was  in  the  main  confined  to  resounding  the  sections  in  the  vicin- 
ity of  and  below  the  crevasses  in  four  different  reaches  between  Malones  and  Arkan- 
Citj. 


In  the  flzat  reaeh,  from  Malones  to  Australia,  about  14  miles  long,  23  sections  were 
resounded.  Five  out  of  that  number  show  an  increase  in  maximum  depth,  and  18 
show  a  deerease  from  0.5  to  13.5  feet;  or  an  average  decrease  in  the  thalweg  depth  of 
3.7  feet  for  tiie  entire  readi. 

The  seoond  reach  extends  8  miles  down  from  Riverton.  There  were  14  sections  re- 
sounded, among  which  are  2  with  greater  depth  and  12  with  depths  ran^n^  from 
9ui  to  34  feet  less  than  the  same  sections  before  the  crevasses  occurred.  This  givcH  an 
average  deorease  in.  thalweg  depth  for  the  entire  reach  of  14.1  feet. 

The  third  oovers  a  distance  of  9  miles  from  Bolivar  down  and  17  sections  were  re- 
sounded. Two  of  these  sections  are  deeper  and  15  show  a  shoaling  of  from  2.2  to 
47.7  feet,  or  an  average  decrease  in  the  thalweg  depth  of  14.4  feet  for  the  whole  reach. 

The  fourth  reach  covers  a  stretch  of  about  5  miles  near  Arkansas  City  and  embraces 
8  sections.  Of  these  sections  1  shows  an  increase  in  depth  of  1  foot  and  7  show  a 
decrease  of  fhmi  0.8  to  36.9  feet,  or  an  average  decrease  in  thalweg  depth  of  18.2  f('<'t. 

It  will  be  observed  that  the  original  survey  of  the  reaches  named  were  made  dur- 
ing a  rapidly  rising  and  Mgh  stage  of  river,  ranging  from  22.6  feet  below  hi^Ii 
water  on  the  first  reach  to  only  5  feet  below  high  water  on  the  fourth  reach ;  and 
during  the -resurvey  the  stage  was  nearly  nniform  for  all  of  the  reaches,  and  ab(}at 
36  feet  below  high  water. 

On  the  first  reach,  where  the  outflow  through  the  crevasse  was  small,  and  where 
we  find  the  least  difference  between  the  stages  of  the  surveys,  there  is  the  least  aver- 
age decrease  in  depth ;  while  on  the  fourth  reach,  where  the  difference  in  stages  is 
laiffest.  we  find  the  greatest  average  decrease  in  depth. 

On  the  second  and  third  reaches,  where  the  crevasse  discharge  is  much  larger  than 
in  either  of  the  others,  but  the  difference  in  stages  much  less  than  in  the  fourth  reac>h, 
we  have  a  huge  average  decrease  in  depth. 

With  the  exception  of  the  first  reach,  where  the  channel  is  divided  by  Island  68, 
the  sreatest  decrease  in  depth  occurs  in  the  deep  sections  of  the  bends,  and  the  least 
in  tne  sliallower  sections  on  the  crossings.  In  fact  the  only  sections  that  show  an 
increase  in  depth  in  tiie  last  three  reaches  are  on  crossings.  This  might,  in  a  meaa- 
nre^  be  accounted  Ibr  by  the  fact  that,  during  the  falling  stage,  bars  cut  out  more 
rapidly  than  the  pools  which  separate  them. 

It  may  be  well  to  mention,  also,  that  it  is  impracticable  to  make  the  sections  of  the 
'two  surveys  and  the  soundings  on  them  identical,  owing  to  the  depth  of  water  and 
the  rapid  onrrent.  The  discrepancies  arising^  from  this  cause  would  probably  bal- 
ance in  a  large  number  of  observations,  and  should  not  seriously  affect  the  results. 

It  would  be  better  and  more  satisfactory  if  the  sarveys  covered  an  entire  cycle  from 
one  low  stage  to  the  next,  as  has  been  done  at  several  of  the  discharge  stations.  la 
the  sections  compared  the  highest  stage  is  below  a  general  overflow  staspe. 

In  the  comparisons  made  of  these  four  reachps,  the  differences  between  tne  fills  in  the 
pools  and  on  the  crossings  are  so  marked  that  the  conclusion,  as  far  as  this  data 
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goes,  seems  unavoidable,  that  tbe  crevasses  have  had  bat  little  effect  on  the  control* 
lin^  depth  of  the  crossings. 

It  may  be  urged  that  the  first  effect  when  the  flood  is  receding  is  to  sweep  the 
crests  of  the  bars  into  the  pools,  but  this  data  gives  no  information  on  this  point. 
It  should  be  borne  in  mind,  however,  that  several  months  elapsed  after  the  flood 
began  to  recede  before  the  resurvey  was  made.  • 


Appendix  C  3. 

IN8TRCUTI0N8  FOR  SECONDARY  TRIANGULATION,  PRECISE  LEVEL,  AND  TOPOGRAPH- 
ICAL AND  HYDROGRAPHICAL  FIELD  WORK. 

INSTRUCTIONS  FOR  SECONDARY  TRIANGULATION. 

Locating  stations. — In  locating  stations  it  is  desirable  to  fix  them  at  such  points  as 
give  good  conditioned  triangles.  The  smallest  angle  in  any  triangle  should  never 
he  less  than  SO  degrees,  and  out  few  of  these  should  be  permitted  to  enter  into  the 
system.  The  triangles  should  lie  in  sucli  a  way  that  pointings  can  be  made  from 
any  station  to  the  stations  immediatly  above  and  below  on  the  same  side  of  the  river. 
'Vhiit  is,  blind  lines  should  always  be  avoided.  Other  things  being  equal  stations 
should  be  set  where  they  can  be  reatlily  found  and  where  they  will  not  be  disturbed. 

Reading  angles. — ^The  angles  will  be  read  with  T.  &  S.  Theodolites,  Noe.  1  and  2. 
The  instruments  will  be  mounted  firmly  and  protected  from  sun  and  wind  when  in 
use.  The  value  of  the  angle  will  be  determined  by  eight  combined  results  read  as 
follows : 


_    .  ,,  ^  fcchpointing. 

This  gives  a  positive  result  for  each  angle.  Then  point  to  /\  4,  3,  2,  1,  and  record 
readings  as  before.  This  gives  a  negative  result  for  each  angle.  A  mean  of  the  tvo 
gives  one  combined  result.  The  readings  in  a  positive  and  negative  direction  will 
eliminate  twist  of  station  or  instrument,  provided  the  readings  occupy  but  a  short 
period  of  time  during  which  the  twist,  if  any,  is  uniform. 

For  the  next  combined  result.  The  telescope  will  now  bo  reversed,  that  is,  re- 
volved through,  leaving  the  pivots  in  the  same  wyes  and  the  whole  will  be  revolved 
180  degrees  in  azimuth.  The  vertical  circle  will  then  be  on  the  left:  the  limb  will 
be  shifted  22^  degrees,  and  the  stations  will  be  read  forward  and  back  as  before. 
The  notes  ibr  this  series  will  be  headed  circle  left.  Reversing  the  telescope  will 
eliminate  errors  of  coUimation,  small  level  errors,  and  inequality  of  pivots.  Shift- 
ing the  limb  so  as  to  read  the  angles  at  equal  intervals  around  the  circle  will  elimi- 
nate periodic  errors  and  errors  of  graduation. 

The  same  urogram  is  followed  until  all  the  results  are  obtained,  the  limb  being 
shifted  and  the  telescope  reversed  after  each  combined  result. 

The  micrometers  should  be  adjusted  so  the  run  will  be  nearly  zero.  This  should, 
however,  be  tested  at  the  beginning  of  each  day's  work,  and  entered  in  the  note- 
book. 

Closing  triangles. — The  error  in  closing  a  triangle  should  rarely  reach  and  never 
exceed  6  seconds,  and  the  average  closure  should  be  much  below  this.  This  will  re- 
qiiire  great  care  in  the  centering  of  instruments  and  targets.  A  discrepancy  of  one- 
third  of  an  inch  will  give  an  error  of  a  second  in  a  distance  of  1  mile.    A  transpar- 
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ent  cloth,  pliaseless  target  wiU  be  naed,  the  size  TaiTiBg  wi'Oi  the  length  of  triangle 
sides. 

Biue  lines, — ^Base  lines  will  be  measured  at  interyals  of  about  75  miles.  This  will 
be  dose  with  the  900-foot  steel  tape.  The  line  should  be  carefbl^^  staked  out,  and 
its  giAdo  determined  instrnmentally.  Snpx>orting  stakes  wiU  be  driven  at  intervals 
of  Sb  feet.  The  stakes  marking  the  extremities  of  each  tape  will  be  firmly  set  and 
free  irom  any  disturbing  inflnenoe  due  to  tension  of  tape  or  otherwise.  On  these 
stakes  strips  of  zino  will  be  fastened  and  remain  until  the  whole  measurement  is 
completed.  The  temperature  of  the  tape  will  be  determined  by  three  thermometers 
placed  near  the  ends  and  in  the  middle  of  the  tape.  They  will  be  attached  to  suit- 
able supports  and  placed  with  their  bulbs  near  tne  tape  when  measurements  are  be- 
ing taken.  Observers  must  be  careful  to  Iceep  sufficiently  far  away  so  as  not  to  affect 
the  thermometers. 

The  tape  will  be  suspended  in  hooks  at  intervals  of  30  feet,  and  attached  in  such  a 
way  that  it  may  swing  freely  and  eliminate  friction  as  far  as  practicable.  The  ten- 
sion of  the  tape  will  be  kefpt  uniform  while  measuring  by  attaching  a  weight  of  16 
pounds.  The  extremity  of^each  tape  length  will  be  marked  on  ^e  zinc  stnp  with  a 
ine  line  and  suitably  numbered.  The  preservation  of  these  strips  frimishes  a  ready 
means  of  comparison  of  each  tape  length  at  any  future  time. 

The  line  should  be  measured  two  or  more  times,  with  a  discrepancy  when  reduced 
of  not  more  than  t  in  250,000.  This  can  readily  oe  done  if  measurements  are  made 
on  cloudy  days  or  at  night. 

ObservaHone  for  tuimuih, — ^The  azimuth  of  each  base  line  will  be  determined  by  ob- 
eer\'ing,  with  a  triangulation  instrument,  two  closely  circum-polar  stars  at  elonga- 
tion on  two  different  nights. 

The  instrument  and  light  should  preferably  be  at  the  extremities  of  the  base  or  a 
triangle  side.    The  following  order  of  observing  will  be  used: 


First, 


Circle  right. 

Pomt  to  Ugbt. 

Point  to  star  and  note 

time. 
Seed  level  direet  and  ze> 

Terse. 
Point  to  atar  and 

time. 
Point  to  light. 


Second. 


Shift  limb  45  degrees. 
Circle  left. 
Point  to  Ugfat. 
Point  to  star  and  note 

time. 
Bead  level  direct  and 


Point  to  star  and  note 

time. 
Point  to  light. 


Third. 


Shift  limb  45  degrees, 
drole  left. 
Point  to  Ukht 
Point  to  star  and  note 

time. 
Bead  level  direct  and 

reverse. 
Point  to  star  and  note 

time. 
Point  to  light. 


Fourth. 


Shift  limb  45  degrees. 

Circle  right. 

Point  to  light. 

Point  to  atar  and  note 
time. 

Bead  level  direct  and  re- 
verse. 

Point  to  star  and  nota 
time. 

Point  to  Ught. 


On  the  second  night  repeat  this  programme,  starting  with  a  reading  of  limb  45 
degrees  greater  than  tiie  last  reading  of  previous  evening. 

It  will  probably  be  found  most  convenient  in  these  observations  to  use  Polaris, 
S  TTrs»  Minoris,  X  Ursse  Minoris  and  51  Cephei. 

The  time  will  be  determined  by  observing  the  meridian  passage  of  high  and  low 
stars. 

SUyne  line  henoh^marhe, — ^At  intervals  of  about  3  miles  along  the  river,  lines  of  pipe 
and  tile  marks  will  be  set  for  future  surveys. 

These  lines  will  be  numbered  and  located  about  as  shown  on  maps  on  file  in  this 
office. 

The  marks  nearest  the  river  will  be  far  enough  back  to  be  safe  from  erosion  for 
many  years ;  the  others  will  be  half  a  mile  father  back. 

In  cases  where  the  bluffii  are  near  the  river  the  rear  marks  may  be  omitted.  The 
marks  will  preferably  be  placed  at  property  comers,  along  public  roads,  or  on  prop- 
erty lines,  in  places  where  they  can  be  readily  found  and  where  they  will  not  be 
liable  to  disturbance. 

It  is  desirable  to  determine  the  azimuth  and  distance  between  the  successive  marks 
on  tbe  same  line  when  practicable.  The  marks  should  also  be  as  nearly  in  a  line  as 
the  conditions  of  location  above  named  will  admit. 

The  marks  w^  be  connected  directly  with  the  secondary  triangulation,  where  prac- 
ticable, by  3  pointings  from  2  or  more  secondarv  stations^  and  an  equal  number 
fh>m  the  poini  to  be  K>cated  to  2  stations  that  will  give  a  fairly  good  triangle. 

Where  the  points  can  not  be  located  directly  from  the  secondary  work,  a  tertiary 
system  may  be  used,  starting  and  closing  on  a  secondary  line.  In  this  work  thA 
an^es  may  be  read  with  a  good  10-second  transit,  and  the  triangles  should  clone 
within  15  seconds.  A  steel  tape  or  chain  may  also  be  used,  where  desirable,  in  locat- 
ing the  point  whioh  is  iarthest  from  the  river. 

CuUimg  HmUfer. — Cutting  timber  to  clear  the  lines  of  sight  or  for  material  with  which 
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to  baUd  stations  should  be  avoided  as  far  as  practicable.  Where  cutting  is  necessary 
a  strict  account  must  be  kept  of  the  number  of  trees  cut,  their  size,  and  kind  of 
timber. 

Deseriptitme  of  statioiu, — A  minute  description  of  each  station  will  be  made  and 
entered  in  notebook  kept  for  that  purpose.  This  description  will  be  complete  for 
each  station,  and  will  show  what  the  Geodetic  point  is  and  now  marked.  Its  location 
with  reference  to  surrounding  objects  will  be  shown  by  an  accurate  sketch  giving 
azimuth  and  distance  to  bearing  trees,  houses,  or  other  prominent  objects. 

A  similar  record  will  also  be  kept  of  the  stone  line  marks. 

INSTRUCTIONS  FOB  PRECISE  LEVELS. 

1.  Before  commencing  operations  the  constants  of  the  instruments  will  be  deter- 
mined. The  most  important  of  these  is  the  value  of  one  division  of  the  level  tube. 
This  can^est  be  determined  by  means  of  a  level  trier.  It  can  also  be  determined  in 
the  field  as  follows : 

Set  up  the  instrument  firmly,  if  possible,  mounting  it  on  a  wooden  post,  oi,  better 
stilly  on  a  stone  pier.  Set  up  a  rod  in  its  tripod  ^t  such  a  distance  that  it  can  be 
distinctly'  read  through  the  telescope.  The  distance  should  be  at  least  50  metres,  or, 
if  the  air  is  very  still,  100  metres,  and  should  be  carefullv  measured.  Adjust  the  in- 
strument carefnlly,  taking  such  length  of  bubble  in  the  level  tube  that  its  ends  will 
be  about  the  midole  or  tenth  graduated  line  on  each  side.  Direct  the  telescope  to 
the  rod,  and  by  means  of  the  elevation  screw  cause  the  bubble  to  run  to  near  one 
end  of  the  level.  Careftdly  note  the  position  of  the  three  wires  on  the  rod  and  the 
reading  of  the  level.  Now,  by  means  of  the  elevation  screw  cause  the  bubble  to  run 
to  near  the  other  end  of  the  tube,  and  note  the  reading  of  the  wire  and  babble  as  be- 
fore. One  result  for  value  of  1  division  of  level  can  then  be  obtained.  This  ope- 
ration should  be  repeated  10  times.  The  elevation  of  the  rod  should  be  changsd 
occasionally  between  sets,  in  order  to  avoid  estimating  the  same  part  of  the  same 
centimetre  on  the  rod.  It  will  be  sufficient  to  run  the  bubble  5  divisions  each 
side  of  its  central  position. 

If 

k  =  distance  from  instrument  to  rod, 
d,  d^  =  distance  through  which  eye  and  object  ends  of  bubble  move  when  run 
from  near  eye  end  to  near  object  end, 

— s —  =  amount  of  displacement  of  bubble  between  2  readings. 

r,  W  =  corresponding  means  of  3  thread  readings  on  rod,  and 
V  =  value  of  1  division  of  level  in  seconds  oif  arc. 
Then, 

^        2_(r'  -r) 

3.  With  the  value  of  1  division  of  the  level,  tables  will  be  constructed  showing 
the  correction  to  be  applied  to  a  rod-reading  for  an  observed  inclination  of  the  level, 
and  for  a  distance  determined  by  interval  between  extreme  threads. 

If  the  level-bubble  is  well  ground,  equal  displacements  of  the  bubble,  say  of  2 
divisions,  will  correspond  to  equal  displacements  on  the  rod. 

3.  Before  using  the  level,  or  determuiine  its  value,  the  fastening  of  the  tube  in  its 
case  should  be  examined.  One  end  should  be  clamped  down  just  tight  enough  to 
prevent  the  tube  from  moving  easily  but  not  tight  enough  to  strain  l£e  glass.  The 
other  end  should  be  lightly  cfiunped  so  that  the  tube  may  be  free  to  expand  and  con- 
tract with  temperature  changes.  The  cotton  packing  at  the  ends  shoiiud  not  exert  a 
lateral  strain  on  the  tube.  Ml  level  tubes  will  be  numbered  and  have  their  numbers 
marked  upon  them. 

4.  In  order  to  determine  the  inequality  in  the  telescope  icings,  the  instmment 
should  be  mounted  on  a^stone  pier  or  other  firm  support  and  carefully  leveled.  The 
level  should  be  carefully  adjusted  and  the  instrument  clamped  to  prevent  its  moving 
in  azimuth.  Now,  with  the  eyepiece  of  the  telescope  over  the  elevating  screv,  note 
the  readinff  of  the  bubble  when  level  is  set  on  telescope,  both  in  direct  and  reversed 
position.  Now  reverse  the  telescope  in  the  wyes,  and  read  the  level  as  before.  Sev- 
eral sets  of  observatons  should  be  made. 

Let  b,J^==  inclination  of  telescope  as  denoted  by  means  of  level  readings  with  tel- 
escope direct  and  reversed,  then  the  inequality  of  rings  p  =  ^ZZ-- 

Sixteen  determinations  of  the  value  of  p  of  two  instruments  in  use  on  the  lake 
survey  gave  probably  errors  of  i  0".046  and  ^  0''.041. 
The  inequality  may  be  expressed  in  seconds  of  arc  if  desired,  but  for  purposes  of 


APPSNDIX  Z  Z — ^BEPOBT  OP  MISSISSIPPI  RIVER  COMMISSION.     3477 

computation  is  best  expressed  in  terms  of  level  diyisions^  as  it  can  then  be  oombineil 
directly  with  the  error  of  adjustment  of  level. 

5.  Tht  centering  of  the  object  glass  will  be  examined.  This  may  be  done  as  fol- 
lows: 

Draw  oat  the  eyepiece  until  the  threads  are  no  longer  visible.  Direct  the  tele- 
scope upon  some  weu-defined  object,  and  while  looking  at  it  rotate  the  telencope  in 
its  wyes.  If  the  object  remains  steady,  the  object  glass  is  sufficiently  well  centered. 
Should  the  object  appear  unsteady,  the  fault  can  only  be  remedied  by  a  maker.  The 
objective  should  be  hrmly  screwed  into  the  telescope. 

i.  The  values  of  the  wire  intervals  will  be  determined  as  follows :  Set  up  a  rod  at 
caxefolly  measured  distances  of  10,  20.  30,  to  100  metres  from  the  instrumeut.  Read 
the  rod  ten  times  at  each  distance.  The  rod  may  be  altered  in  elevation,  the  level 
may  be  caused  to  change,  and  the  telescope  may  be  rotated  180  degrees  (inverte<l)  iu 
Older  to  change  the  position  of  the  threads  on  the  rod. 

Taking  the  mean  of  the  ten  observed  dififerences  of  readings  of  the  extreme  threadR 
at  each  station  occupied  by  the  rod,  a  table  will  be  constructed  giving  in  metres  the 
disUuioe  of  ^e  rod  horn  the  instrument  for  any  observed  difference  of  reading  be- 
tween extreme  wires. 

7.  Unless  the  rods  used  have  been  previously  compared  with  some  known  stand- 
ard, they  will  be  compared  with  each  other  and  their  relative  lengths  determined. 
This  may  be  done  by  establishing^  two  fixed  points,  or  two  foot  plates,  at  equal  dis- 
tances from  the  instrument  and  differing  in  elevation  about  2.7  metres.  The  distance 
should  be  about  10  metres.  Determine  the  difference  of  elevation  of  the  points  by 
readinff  each  rod  on  each  point.  A  comparison  of  the  resulting  differences  of  eleva- 
tion wul  give  relative  lengths  of  metres  on  rods.  Ten  measurements  with  each  rod 
will  be  determined.  The  elevation  of  the  instrument  will  be  slightly  changed  be- 
tween each  set  in  order  to  eliminate  errors  in  estimating  the  millimetres.  Each  rod 
will  be  numbered  and  have  its  number  marked  on  it.  The  rods  should  also  be  kept 
dry  and  provided  with  cuivass  covers  to  protect  them  while  being  carried  to  and 
from  work. 

The  distance  of  the  zero  graduation  above  the  steel  spur  on  which  the  rod  stands 
will  be  well  determined.  This  may  be  done  with  a  right  auffle  triangle  and  rule. 
It  may  also  be  determined  by  means  of  another  leveling  rod,  the  graduations  of 
which  commence  at  the  foot  of  the  rod,  by  determining  the  height  of  the  instru- 
ment above  some  fixed  point  and  subtracting  it  from  the  reading  of  the  rod  to  be 
determined.    The  relative  lengths  of  the  rods  must  be  known. 

Whenever  a  bench-mark  is  connected  with  in  such  a  way  that  the  rod  is  not  placed 
directly  on  the  bench-mark,  this  quantity  (a)  enters  into  the  computation  of  differ- 
ence of  elevation.  « 

8.  Before  commencing  work  at  any  time  all  adjustments  will  be  carefully  made. 
(a)  The  telescope  wifi  be  collimated  by  having  a  rod  set  up  at  a  distance  of  50 

metres  and  noting  the  position  of  the  wires  on  the  rod  when  the  telescope  is  normali 
and  when  inverted  or  rotated  180  degrees  about  its  axis.  The  collimatlon  error  of 
the  mean  of  the  horizontal  thread  must  not  exceed  1.25  millimetres  at  a  distance  of  5(1 
metres. 

(h)  The  borizontality  of  the  horizontal  wires  will  be  examined  by  moving  tho 
teleacope  in  azimuth  so  that  the  rod  shall  appear  to  move  through  the  field  of  tht^ 
telescope.  If  the  tiireads  are  horizontal  the  reading  on  the  rod  will  be  the  same,  tho 
poeition  of  the  level,  which  should  be  closely  watched,  remaining  the  same.  If  the  • 
thieadaare  found  to  be  not  horizontal  they  will  be  maae  so  by  tnming  the  telescope 
a  amaU  amount  in  tiie  wyes.  When  the  thread  wires  have  once  been  made  horizontal, 
amal}  screws  which  abut  against  projection  of  wye  above  elevating  screw  should  bo 
so  adjusted  that  when  they  press  against  this  projection  the  wires  are  horizontal.  If 
the  vertical  thread  ia  then  inclined,  as  shown  by  the  plumb  line  attached  to  the  rod, 
it  must  remain  so. 

(c)  To  make  the  axis  of  the  level  parallel  to  the  upper  surface  of  the  rings,  it  is 
necessary  to  make  the  vertical  planes  passing  through  them  parallel  (lateral  adjust- 
ment), and  to  make  them  equally  incbned  to  the  horizon  (vertical  adjustment). 

To  make  the  lateral  adjustment,  raise  the  clips  fastening  the  level  to  the  telescope, 
and  revolve  the  level  about  the  telescope  a  short  distance  each  side  of  the  vertic^. 
If  the  bubble  runs  in  opposite  directions  when  on  opposite  sides  of  the  vertical,  the 
level  is  to  be  adjusted  by  means  of  the  opposing  horizontal  screws  at  one  end  or  the 
level  until  such  is  not  the  case. 

To  make  the  vertical  adjustment,  raise  one  of  the  clips  and  read  the  level  in 
its  direct  position  and  also  when  it  is  reversed  on  the  telescope.  The  difi'erence  be- 
tween the  differences  of  end  readings  in  each  position  is  four  times  the  error  of  ad- 
Jnatment,  and  is  to  be  corrected  by  the  opposing  vertical  screws  at  one  end  of  the 
level  case.  The  error  of  adjustment  must  not  be  allowed  to  exceed  two  divisions  of 
the  leveL  Care  must  be  taken  that  the  telescope  rings  are  free  from  dust  while 
adjusting  the  leveL    After  having  made  the  vertical  adjustment  it  will  be  necessary 
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to  examine  the  lateral  adjustment  again,  since  making  one  of  these  a<)justmeut8 
affects  the  other. 

(d)  To  make  the  level  and  vertical  axis  of  revolution  perpendicular  to  each  other, 
loosen  the  small  clamp  screw  at  one  end  of  the  horizontal  bar  fastened  to  the  vertical 
axis  and  by  means  of  the  elevating  screw  raise  or  lower  that  end  of  the  upper  hori- 
zontal bar  until  the  telescope  can  be  rotated  180  degrees  from  any  position  and  have 
the  level  reading  the  same  in  both  positions. 

(e)  To  adjust  the  level  attached  to  the  rod,  set  up  the  rod  in  its  tilpod  in  such  a 
position  that  when  a  plumb  line  is  attached  to  the  small  hook  near  tne  top  of  th«) 
rod,  the  point  of  the  plumb  bob  shall  coincide  with  the  point  of  a  small  cone  attached 
to  the  rod  near  its  foot.  Now  bring  the  level  bubble  to  the  center  by  means  of  the 
leveling  screws.  In  making  this  adjustment  the  rod  should  not  be  exposed  to  thc^ 
windy  as  the  plumb  line  is  influenced  thereby.  This  adjustment  will  be  made  at 
least  once  each  day. 

Each  time  that  the  instrument  is  placed  on  a  station,  its  axis  will  first  be  made 
vertical  by  means  of  the  leveling  screws  in  such  manner  that  the  telescope  may  be 
turned  around  the  horizon  without  the  bubble  of  the  level  running  a  great  number 
of  divisions.  The  telescope  is  finally  made  horizontal  by  means  of  the  elevating 
screw.  The  inclination  at  the  moment  of  observing  must  not  ordinarily  exceed  three 
divisions  of  the  level,  and  never  five  divisions. 

The  instrument  when  in  use  ought  always  to  be  sheltered  from  the  sun  and  wind. 
It  is  carried  from  station  to  station  without  being  dismounted,  but  the  level  should 
be  taken  off  and  carried  in  the  hand.  The  small  clamp  screw  at  the  end  of  horizon- 
tal bar,  and  the  large  screw  which  fastens  the  instrument  immovably  to  the  tripod, 
should  both  be  turned  tight  before  moving  the  instrument. 

The  rmls  must  be  plac^  on  the  plates  which  accompany  them  and  held  in  a  verti- 
cal position  as  indicated  by  the  spherical  level  attached.  It  is  advisable  to  always 
use  the  same  rod  with  the  same  foot  plate.  In  placing  the  foot  plates  great  care 
should  be  taken  that  they  be  horizontal,  on  firm  ground,  and  not  liable  to  change. 
The  surface  of  the  ground,  if  not  firm  or  level,  should  be  removed. 

The  errors  of  adjustment  will  be  determined  at  beginning  and  end  of  each  series 
of  observations;  that  is  to  say,  after  having  moimted  the  instrument  and  before  dis- 
mounting it,  and  in  all  cases  at  least  once  each  day.  If  the  instrument  has  been 
deranged  by  a  jar  the  corrections  must  be  determined  anew. 

The  error  of  coUimation  will  be  determined  by  two  readings  of  the  rod  at  a  dis* 
tauce  of  50  metres  when  the  telescope  is  in  its  normal  position  and  two  when  it  in 
rotated  180  degrees  in  the  wyes,  llie  (ufference  between  the  means  of  the  two  readings, 
after  being  corrected  for  the  inclination  of  the  level,  must  not  exceed  2.5.  millimetres 
at  that  distance,  and  commonly  should  not  exceed  1  millimetre.  The  error,  of  the 
adjustment  of  the  level  (inclination)  will  be  determined  by  reading  the  level  four 
times  when  direct  and  lour  times  when  reversed  on  the  telescope,  reversing  it 
between  <!ach  reading. 

The  error  of  adjustment  must  not  exceed  two  level  divisions,  and  commonly  should 
not  exceed  one.  All  the  details  of  the  determination  of  the  errors  of  adjustment 
must  be  entered  in  the  note  book  in  their  proper  place.  It  is  always  advisable  to 
have  the  errors  of  adjustment  as  small  as  possible,  and  necessary  that  they  be  well 
determined.  The  time  of  making  these  determinations  will  be  recorded  in  the  note 
book. 

In  all  work  along  the  main  line  of  levels  each  observer  will  duplicate  his  own 
work  by  running  over  the  line  in  opposite  directions,  preferably  under  similar  con- 
ditions as  to  illuminations,  etc. 

While  connecting  two  bench-marks  the  order  of  using  the  rods  will  be  as  follows : 


X  -^  ^^ ^ 


AAA  A 

Jl.jr.  I  A  i^  ^  r^  a*  i«  a« 

In  the  above  figure  let  1 1',  P etc.,  represent  the  successive  stations  occupied 

by  the  instrument.    B.  M.  a,  a' etc.,  the  positions  occupied  by  Rod  1,  and  a, 

a* etc.,  the  positions  occupied  by  Rod  2.    The  instrument  having  been  set  up  at 

I.  Rod  1  is  placed  on  B.  M.  and  Rocf  2  at  a,  making  the  distance  I  —  a  eci  ual  to  I  — 
B.  M.  Rod  I  is  then  read  and  immediately,  afterward  Rod  2.  The  time  elapsing  be- 
tween these  readings  commonly  will  not  exceed  one  minute  and  should  not  excee<l  5 
minutes.  The  instrument  is  then  carried  to  I',  and  Rod  1  to  a*,  the  distances  a  —  1', 
and  1'  — a»,  being  equal.    Rod  2  will  then  be  read  and  immediately  afterward  Rod  1. 


APPENDIX  Z  Z ^REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.      3479 

The  instmment  will  then  be  taken  to  I-  and  the  roda  read  in  the  order  1,  2.  Work 
will  be  continued  in  this  manner  until  the  other  bench  mark  is  reached.  Rod.  1  must 
be  placed  npon  this  bench-mark,  which  will  be  the  regular  order  if  there  have  been 
an  eTen  nnmber  of  instrument  stations.  If  there  have  been  an  odd  number  of  in- 
strument stations,  at  the  last  station  use  Rod  1  for  both  backsight  and  foresight. 
While  leveling  the  rate  of  progress  in  favorable  weather  will  be  about  one  kilometer 
per  hour. 

After  bavinff  properly  leveled  the  instrument  at  any  station  and  having  made  the 
vertical  thread  coincide  with  the  center  line  of  the  rod,  the  observation  will  be  made 
and  recorded  in  the  following  order :  *  First  the  level  will  be  read,  the  tenths  of 
the  division  being  estimated ;  then  the  position  of  the  threads  on  the  rod  will  be  read 
the  millimetres  being  estimated ;  and  finally  the  level  will  be  read  again.  The  ob- 
server will  then  read  the  rod  a  second  time  to  make  sure  that  no  error  has  been  made. 
The  recorder  will  then  take  the  differences  between  the  readings  of  the  middle 
and  extreme  wires  to  guard  against  errors,  and  if  these  diti'erences  denote  any  error 
the  observations  must  be  repositod.  If  an  error  exists  it  will  be  shown  by  too  great 
a  difference  between  the  difterences.  This  is  a  most  important  check  and  must  not 
be  neglected.  These  differences  will  also  serve  as  a  check  upon  the  distances  be- 
tween the  instrument  and  rods. 

The  recorder  should  also  check  the  level  readings  to  make  sure  that  errors  of  whole 
divisions  have  not  been  made.  This  may  be  done  by  snnimiug  up  the  readings  and 
noticing  the  length  of  the  bubble.  In  reading  the  level  by  means  of  the  mirror  care 
should  be  taken  that  the  position  of  the  eye  is  such  that  there  will  be  no  parallax. 
Such  ]M)sitioiiB  can  be  determined  once  for  all  when  the  mirror  is  at  its  greatest  an^le 
of  elevation,  by  a  second  person  reading  the  level  directly  while  the  observer  finds 
the  position  ftom  which  the  reading  of  the  level  in  the  mirror  is  the  same.  The 
notes  will  be  kept  in  the  form  given  in  note  books.  When  once  a  number  has  been 
written  down  it  must  not  be  erased  or  made  illegible.  If  wrong  a  line  will  be  drawn 
through  it  and  the  correct  number  written  above. 

The  lengths  of  sights  taken  will  depend  upon  the  condition  of  the  atmosphere, 
but  the  rod  should  always  be  near  enough  to  be  seen  distinctly.  It  will  be  seldom 
that  lengths  of  sights  greater  than  150  metres  can  be  taken.  The  back  sight  and 
fore  sight  corresponding  to  any  instrument  station  must  not  differ  in  length  by  more 
than  10  metres,  and  the  sum  of  the  lengths  of  the  backsights  and  foresights  between 
any  two  bench-marks  should  be  equal. 

Whenever  it  is  necessary  that  the  line  of  levels  should  cross  a  river  or  other  wide 
obstruction,  a  narrow  place  should  be  chosen.  Firm  points  should  be  set  upon  the 
two  banks:  levels  in  good  adjustment  are  set'upou  posts  about  10  metres  from  each 
bench-marK,  and  both  levels  go  through  the  same  operation. 

The  error  of  adjustment  is  first  accurately  determined. — Call  one  of  the  4evels  A.  A 
first  reads  on  the  bench-mark  near  it,  once  with  the  telescope  normal  and  once  with 
the  telescope  inverted,  and  then  on  the  rod  across  the  river  five  times  with  the  tele- 
scope normal  and  five  times  with  the  telescope  inverted.  The  error  of  adjustment  of 
the  level  is  again  accurately  determined.  Tne  rod  across  the  river  will  need  an  extra 
vane.  B  performs  the  same  operation  Bimultaueously.  A  and  B  change  places  and 
repeat  the  observation  at  these  new  stations.  The  simultaneous  levels  .eliminate 
refraction,  the  change  of  station  eliminates  curvature  and  small  instrumental  errors. 
Unless  good  results  are  obtained  the  levels  should  be  repeated.  If  but  one  level  can 
be  used  the  operation  will  be  performed  in  the  same  order,  but  the  time  occupied  in 
crossing  must  be  as  small  as  possible.  With  a  single  Kern  level  this  process  has 
given  ror  a  river  815  metres  wide  five  results,  the  mean  of  which  has  a  probable  error 
of  ±  0"«.5.  (Ohio  River,  Cairo,  111.) 

Permanent  bench-marks  will  bo  established  at  intervals  of  3  miles  along  the  river 
and  5  miles  on  lines  connecting  the  river  line  proper  with  the  other  levels  or  bench-^ 
marks. 

These  bench-marks  will  consist  of  a  thoroughly  verified  tile  4  inches  by  18  inches  by 
18  inches  placed  3  feet  below  the  surface  of  the  ground  and  surmounted  by  a  4-inch 
wronght-iron  pipe  as  a  surface  mark.  The  tile  should  have  time  to  settle  before 
Icvelinff  to  it.  Both  tile  and  pipe  will  be  suitably  marked  to  designate  the  char- 
acter of  tiie  point.  In  the  center  of  the  upper  surface  of  the  tile  a  copper  bolt  will 
be  leaded,  the  upper  surface  of  which  will  be  the  point  of  reference.  These  bench- 
marks will  be  placed  where  thev  can  be  easily  found  and  where  they  will  not  be 
disturbed.    Property  comers  should  be  utilized  wliere  practicable. 

In  addition  to  the  above,  benches  should  be  esta])lishcd  on  permanent  brick  or 
stone  stmctnres  by  leading  into  them  a  horizontal  copper  bolt,  with  the  letters  IT. 
S.  P.  B.  M.,  and  the  number  of  the  bench-mark  cut  near  it.  A  small  hole  in  the 
center  of  the  bolt  will  be  the  point  of  reference. 

In  connecting  with  a  bench  mark  if  the  bolt  is  vertical  the  foot  of  the  rod  is  placed 

*  It  ia  preferable  to  keep  the  bubble  in  the  center  while  threads  are  being  read. 
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directly  npon  it.  If  the  boat  is  horizontal  in  the  wall  of  a  building  or  other  struc- 
tore,  it  BUkj  be  best  connected  in  the  following  manner:  Set  up  the  instrument  in 
such  a  position  and  at  such  an  eleration  that  the  small  hole  in  the  bolt  mav  be 
bisectea  by  the  middle  thread  without  ^displacing  the  level  by  more  than  five  divi- 
sionSy  using  the  elevating  screw  for  making  this  bisection.  Since  the  instrument  can 
be  raised  or  lowered  about  two  centimetres  by  means  of  the  leveling  screwSi  the  in- 
strument can  be  placed  in  such  a  position  by  two  or  three  trials. 

Now  bisect  the  bench>mark  with  the  telescope  normal  and  also  inverted,  notinj^ 
the  reading  of  the  level.  Read  the  rod  on  the  plate  with  the  telescope  in  both  posi- 
tions. It  is  necessary  to  eliminate  collimation  by  inverting  the  telescope,  since  the 
collimation  of  the  middle  wire  is  not  the  same  as  that  of  the  three  wires.  The  quan- 
tity of  A  (distance  of  zero  above  foot  of  rod)  must  be  taken  into  account  when  a 
bench-mark  is  connected  with  in  this  manner.  The  distance  of  bench-mark  from 
instrument  must  be  determined  and  recorded. 

Whenever  work  is  stopped  at  least  two  temporary  bench-marks  should  be  estab- 
lished. These  will  consist  of  large  nails  or  spikes  driv^  their  entire  length  vertically 
into  the  base  of  trees,  or  in  the  tops  of  sound  stumps. 

When  not  in  the  vicinity  of  trees  or  stumps,  wooden  posts  may  be  firmly  set  in 
the  ground  with  their  tops  flush  with  the  surface  and  nails  driven  into  them.  When 
near  the  river,  temporary  bench-marks  should  be  set  every  two  kilometres.  Ever^ 
bench-mark  will  be  fully  described  in  a  note  book  kept  for  that  purpose.  Its  i>06i- 
tion  with  reference  to  the  most  prominent  objects  near  it  should  be  ffiven  by  distance 
and  direction.  Public  buildings,  such  as  depots,  court-houses,  churches,  etc.,  are 
the  best  positions  for  permanent  oench-marks. '  In  a  village  or  town  several  perma- 
nent bench-marks  should  be  established  to  secure  some  one  against  loss. 

If  a  railroad  is  crossed  the  elevation  of  the  foot  of  the  raU  wiU  be  determined,  and 
if  leveling  along  a  railroad,  the  elevation  of  the  foot  of  the  rail  at  depots  will  be  de- 
termined. 

The  elevation  of  the  zeros  of  all  water  gauges  and  also  the  gauge  bench-marks  will 
be  determined. 

The  datum  planes  of  cities  along  the  line  of  levels  will  be  connected  with  and  their 
elevations  deduced. 

Frequent  connections  will  also  be  made  with  the  United  States  Engineer  bench- 
marks between  St.  Paul  and  Grafbon. 

In' reducing  the  observations  the  nearest  tenth  of  a  millimetre  will  be  retained. 
The  distance  will  be  taken  out  from  the  table  to  the  nearest  metre. 

The  limit  of  discrepancy  in  closing  a  polygon  will  be — 

gmm  ^£)igtance  in  Mlometres. 

The  distafice  referred  to  is  the  entire  length  of  the  polyg(»n  from  bench-mark  1  to 
bench*mark  2  and  back  to  bench-mark  1,  and  the  limit  of  discrepancy  refers  to  the 
polygons  between  successive  bench-marks.  If  the  discrepancy  exceeds  the  prescribed 
limit  then  the  entire  polygon  must  be  re-run  one  or  more  times,  or  until  the  difier- 
ence  of  the  means  of  the  direct  and  reverse  results  is  within  the  limit. 

The  notes  will  be  kept  in  the  following  form. 


[Left-band  page.] 
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INSTRUCTIONS   FOR  TOPOGRAPHICAL  AND  TIYDROGRAPBICAL  FIELP  WORK. 

The  objects  of  the  survey  of  the  Mississippi  River  are  to  obtain  sufficient  data  for 
an  aocarate  topographical  and  hydrographical  map  which  may  be  ased  in  studying 
the  physical  characteristics  of  the  nver.  planning  improvements,  and  also  serve  as  a 
basis  for  fhtnre  surveys,  by  means  of  which  the  changes  in  bed  and  banks  may  be 
ascertained  and  their  causes  and  effects  studied.  The  importance  of  having  the 
work  accurately  done  and  the  information  embodied  therein  reliable  is  ther^ore 
»pi)arent. 

The  experience  derived  in  the  surveys  from  Cairo  to  DonaldsonyiUe,  covering  a 
period  of  several  years,  suggests  the  following  instructions  relating  to  the  iBOope  of 
the  work  and  the  methods  to  be  employed.  Other  points  will  saggest  themselves 
as  the  work  progresses  and  new  difficulties  are  met  with. 

Generalinstruetians. — A  record  will  be  kept  showing  the  daily  progreoe  of  the  party. 
It  will  contain  at  the  beginning  the  organization  of  the  party,  and  the  names  and 
rates  of  pay  of  all  persons  connected  with  it.  It  will  also  ffive  a  detailed  account  of 
all  occurrences  of  any  importance  which  may  in  any  way  oe  of  use  in  redaoing  the 
work  or  in  settling  accounts. 

At  the  beginning  of  each  day's  work  each  note  book  in  use  will  give  locality  of 
worky  date,  name  of  observer  and  recorder,  number  of  instrument  used,  and  correc- 
tions, if  any,  to  readings  of  distance  and  azimuth. 

In  recording  notes  hard  pencils  will  be  used,  and  when  an  entry  has  once  been 
made  it  should  never  be  erased.  Where  an  error  has  been  made  the  record  will  be 
corrected  by  drawing  a  line  through  the  first  value  and  writing  the  new  value  above 
it.  Coirections  that  are  made  after  the  work  is  done  should  be  marked  with  the 
date  of  the  change  and  the  name  of  the  person  making  the  change. 

All  notes  should  be  so  full  and  plain  that  they  could  be  readily  reduced  by  one 
who  has  not  seen  the  ground.  This  will  require  careftil  attention  to  details  which 
may  seem  of  trifling  importance  in  the  field. 

All  available  information  concerning  the  river  and  its  adjacent  banks  which  will 
aid  in  the  proper  representation  of  the  characteristic  features  on  the  map  or  be  val- 
uable in  the  study  of  their  changes  will  be  fully  noted. 

Local  names  of  bars,  b^ids,  streams,  or  other  features  will  be  carefully  noted  and 
the  proper  spelling  of  all  names  to  appear  on  the  map  will  be  ascertained. 

Permanent  marks,  as  reference  points  for  future  surveys,  will  be  established  at  in- 
tervals of  about  3  biles  along  the  river.  There  will  be  two  on  each  side  of  the  river 
nearly  in  a  line,  normal  to  the  stream.  The  two  nearest  the  river  will  be  placed 
where  thev  will  be  safe  from  the  erosion  of  the  banks  for  20  years  or  more,  and  the 
others  will  be  a  half-mile  further  back.  Where  the  bluffs  are  near  the  river  the 
outer  marks  may  be  omitted.  These  marks  should,  when  practicable,  be  placed  near 
roads,  property  lines,  or  other  places  where  they  can  be  easily  found  at  any  time. 
The  marks  will  consist  of  flat  tiles  bearing  wrought  iron  pipes  (see  instructions  for 
secondary  triangulation),  the  tops  of  which  should  project  not  less  than  a  foot  above 
the  ground. 

Note  books  will  be  fully  indexed  at  the  end  of  each  day's  work.  Each  note  book 
will  be  marked  on  the  outside  with  a  title  giving  locality  of  work,  date,  names  of 
chief  of  party  and  observer.  All  note  books  will  be  entered  on  the  office  files  and 
properly  numbered  as  soon  as  parties  return  from  the  field. 

llie  chief  of  partv  being  responsible  for  the  accnracv  of  the  work  done,  should 
see  thftt  the  work  of  each  member  of  the  party  is  properly  checked  and  fully  covers 
the  ground  required. 

TerHarjf  triangulatUm. — ^Where  the  secondary  stations  are  more  than  8  miles  apart 
a  tertiary  system  will  be  carried  giving  points  on  either  bank  at  intervals  of  a  mile 
or  less.  This  system  will  begin  on  a  tnangle  side  of  the  secondary  system  or  a  care- 
folly  measnred  base,  and  all  of  the  available  secondary  stations  will  be  used  in  the 
tertiary  ohafai.  The  tertiary  wdlrk  will  also  close  on  a  line  of  known  length  as  a 
check  on  its  aoonracy.  The  discrepancy  riiould  not  exceed  1  in  3,000.  The  system 
should  be  laid  ovt  and  the  angles  read  m  advance  of  the  tppographers,  so  that  the 
azimuths  and  len^hs  of  sides  can  be  used  in  checking  stadia  woric. 

The  station  point  may  be  marked  by  a  pole  2  inches  in  diameter  stuck  into  the 
ground,  and  bearing  a  red  and  white  flag  to  distinguish  it  from  the  ordinary  sound- 
ing fla^.  A  strip  of  white  cloth  wrapped  near  the  bottom  of  the  pole  will  admit  of 
the  pomtings  being  made  so  low  down  that  errors  arising  from  disturbance  of  the 
pole  by  the  wind  will  be  inappreciable. 

For  observinff,  the  instrument  may  be  placed  on  an  ordinary  tripod  centered  over 
the  hole  after  &e  pole  has  been  removed. 

The  angles  should  be  read  with  a  10-second  Instrument  in  good  adjustment,  and 
should  be  repeated  at  least  three  times  on  different  parts  of  the  line  to  check  errors 
of  reading. 

It  is  desirable  to  have  the  first  series  read  on  azimuth.    Having  pointed  to  the 
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first  station,  read  t-o  all  of  tbe' others  in  succession.  Pointings  should  also  be  made 
to  all  of  the  sounding  flags  in  the  vicinity,  as  well  as  prominent  objects  on  land, 
stich  as  chimneys,  houses,  etc.,  the  location  of  which  will  serve  to  check  the  topo- 
graphical work. 

For  the  second  series  slip  the  lower  limb  60  degrees  and  read  to  the  stations  in  the 
opposite  order  from  the  first  series.  Slip  the  linib  the  same  amount  again  and  read 
the  third  series. 

The  river  ends  of  the  stone  lines  will  be  mftde  points  in  the  tertiary  system,  and 
whenever  practicable  the  stones  should  also  be  located  trigonometrically. 

Tertiary  points  which  are  likely  to  remain  undisturbed  for  some  time  should  be 
plainly  marked  with  a  strong  stake  2  feet  high,  the  number  of  the  potnt,  the  initials 
of  the  observer  and  date  being  marked  on  it  with  red  chalk. 

Topography. — ^The  detailed  topography  will  cover  a  belt  on  each  side  of  the  river, 
which,  in  wooded  country  or  on  the  bluifs,  will  be  about  one-half  to  throe-fourths 
miles  wide  and  in  open  country  may  reach  about  1^  miles.  In  this  area  there  will 
be  located,  with  transit  and  stadia,  all  points  needed  to  plat  accuratiely  the  impor- 
tant features  on  a  scale  of  1 :10,000.  In  all  work  the  scale  of  the  plat  should  be  borne 
in  mind,  so  that  only  such  points  be  pstrumeutally  located  as  can  be  readily 
plotted. 

Beyond  the  above  limits  outline  surveys  will  be  made  defining  streams,  lakes,  and 
the  foot  and  main  crests  of  bluffs  with  approximate  elevations  of  same  within  a 
limit  of  10  miles  of  the  river.  This  work  will  be  run  with  the  transit  or  compass 
and  stadia,  and  will  frequently  be  connected  with  the  detailed  topography. 

Within  the  limits  of  the  detailed  area  there  will  be  located  the  top  and  bottom  of 
the  river  bank  proper,  the  shore  line  of  islands  and  bars,  the  banks  and  water  lines 
of  all  waterways  and  lakes,  with  elevations  of  their  water  surfaces  and  depths,  the 

f joints  where  the  slope  of  the  ground  changes  either  in  direction  or  inclination,  the 
imits  of  rodk  ledges,  the  approximate  limits  and  kinds  of  cnltlvation,  and  forests, 
roads,  levees,  fences,  houses,  etc.,  and  in  fact  everything  that  may  be  necessary  to  a 
.truthful  representation  of  the  section  surveyed. 

A  sufficient  number  of  elevations  will  be  determined  on  the  bottom  lauds  to  admit 
of  putting  in  contours  5  feet  apart.  In  a  wooded  area  this  will  require  cross  sec- 
tions at  intervals  of  500  metres  or  less.  These  should  preferably  be  the  continua- 
tion of  lines  sounded  across  the  river.  The  space  between  the  lines  should  also  be 
examined  and  if  any  important  features  are  found  they  should  be  located. 

When  the  trees  are  too  close  together  to  admit  of  long  sights  ft  will  be  more  ex- 
peditious and  sufficiently  accurate  to  use  the  compass  needle  for  obtaining  the  direc- 
tion, as  it  will  then  only  be  necessary  to  set  up  at  alternate  stakes. 

The  bluff's  within  the  detailed  area  will  be  shown  by  contour  lines  20  feet  apart, 
the  bluff  curves  being  all  some  multiple  of  10.  The  bluffs  in  the  outline  area  may  be 
shown  by  hachures. 

Boundary  lines,  such  as  State,  county,  township,  etc.,  coming  within  the  limits  of 
the  survey,  will  be  carefully  located. 

Section  or  township  corneFs,  where  they  are  well  identified,  will  also  be  connected 
with. 

Great  care  must  be  taken  in  running  out  the  stone  lines.  The  azimuth  of  the  lines 
must  be  accurately  determined,,  and  all  distances  will  be  carefully  read,  both  forward 
and  back.  Each  stone  will  be  occupied  instrumentally,  and  when  practicable,  the 
azimuth  from  one  stone  to  the  next  will  be  read,  and  readings  will  be  made  to  sur- 
rounding objects  both  as  checks  on  the  located  positions  of  the  stones  and  to  aid  in 
finding  them  in  future  time.  A  careful  sketch  and  minute  description  will  be  given 
of  each  bench  mark  thus  located. 

All  sounding  flags,  water  ^au^ed.  and  bench  marks  will  be  located. 

In  running  the  main  transit  line  along  the  sho^e  sufficient  check  shots  will  be 
made  to  known  points  on  the  opposite  shore,  to  prove  the  accuracy  of  the  positions 
given  for  the  transit  stakes.  Such  check  shots  should  in  fact  be  made  use  of  in  all 
parts  of  the  work,  so  that  errors  of  azimuth  and  distance  may  be  deteqted  and 
located.    They  also  furnish  means  of  correcting  errors  of  position  if  any  occur. 

Tlie  error  of  level  carried  with  the  transit  should  never  exceed  one  foot  for  the 
longest  distances.  In  good  work  the  discrepancies  will  rarely  reach  0.5  feet.  The 
work  will  be  frequently  checked  by  starting  and  closing  on  points  whose  elevations 
are  known. 

Distances  and  vertical  angles  between  transit  stakes  will  be  read  from  each  end  of 
the  line.  On  transit  lines  the  distances  between  stakes,  read  with  stadia,  should 
never  exceed  500  metres  at  a  single  reading  unless  they  can  be  checked  l>y  intersec- 
tions or  other  means.  Single  shots  to  distant  objects  may  be  read  as  far  as  the  fig- 
ures of  the  rod  are  distinguishable. 

The  transit  stakes  of  each  observer  will  be  numbered  consecutively  in  the  same 
reach  and  each  stake  will  be  marked  with  its  proper  number  and  the  initial  of  the 
observer  so  that  it  can  be  readily  identified  when  connected  with  by  others. 
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Carefiil  sketohee  will  be  made  in  the  field  of  the  entire  area  surveyed  and  the  lo- 
cated points  will  be  indicated  on  the  sketches  and  numbered  to  correspond  with  the 
pointings  in  the  notes  so  there  will  be  no  difficulty  in  connecting  the  points  properly 
on  the  field  plats.  The  character  of  the  immediate  river  bank  will  be  frequently 
noted  so  as  to  show  whether  it  is  rock  in  place,  loose  rock,  sand  or  silt,  steep  or 
sloping,  caving  or  stable. ' 

Checks  on  azimuth  and  elevation  should  be  frequent  and  when  obtained  should  be 
marked  in  the  note  book  in  such  a  way  that  the  amount  of  error  will  be  plainly 
shown  and  where  the  correction  should  be  applied.  Notes  that  are  not  full  in  this 
particular  will  always  be  open  to  suspicion  which  will  throw  doubt  on  the  observ- 
er's honesty  and  the  reliability  of  his  work. 

Discrepancies  in  closing  on  triangulation  points  should  never  exceed  0^  05^  in 
azimuth  or  1  in  500  in  distance.  As  a  rule  the  discrepancies  should  be  far  within 
these  limits. 

The  notes  will  be  kept  in  the  following  form  on  the  left-hand  page  of  the  note 
book,  the  other  page  being  reserved  for  reductions,  sketches  and  remarks. 

[Left-hand  pagd.] 

[Yielnity  of  PbiUlpa  Lamihig,  ITov.  3, 1882.    Inst.  Wmd,  No.  154— IHs.  Short  1  in  100,  As.  Cor.    F.  B. 

Maltby,  olMerver.    F.  P.  Gibba,  recorder. 


• 

OttJects. 

No.  of 
pointing. 

Ver.  A. 

Ver.  B. 

DiHtAnce. 

Vertical 

Read. 

Corrected. 

101 
252 

angle. 

A  Srerett 

Top  of  tiank 

1 
2 

AtAl. 
o       / 

06    10 
127    16 

o      / 
275    10 

100 
250 

+0.10 
+0.8 

• 

[Rig 

bt-hand 

page.] 

Die  of 

elev. 

Kiev. 





200.3 

« 

+  0.96  ' 

991.2 

+  1.9         292.2 

Orixnary  \eetl%. — There  will  be  a  line  of  levels  rnn  along  each  bank  of  the  river^ 
the  ordinary  Y  level  beinff  used  for  that  purpose. 

All  taming  points  will  be  numbered  so  that  the  topographers  can  readily  identify' 
the  points  connected  with. 

The  ordinary  level  lines  will  connect  with  all  precise  benoh-marks  in  their  vi- 
cinity. 

The  errors  of  closure  should  not  in  any  case  exceed  0.2  feet  for  the  longest  inter- 
vals. The  two  lines  will  check  on  each  other  at  intervals  of  not  more  than  8  miles 
or  in  the  vicinity  of  each  stone  line. 

The  elevations  of  stone-line  benoh-marks  will  be  determined  by  duplicate  lines  of 
levels,  the  discrepancies  between  which  should  not  exceed  0.05  feet.  The  adopted 
elevation  will  be  the  mean  of  the  two  determinations. 

The  elevations  of  allpermanent  stations  near  the  river,  except  those  on  the  bluffs, 
iriU  be  determined.  Bench-marks  will  also  be  established  on  <yM;h  bank  at  inter- 
vals  0f  about  a  mile.  These  may  be  placed  on  buildings,  trees,  or  other  permanent 
objects  near  the  river.  A  careful  description,  sketch  of  location,  and  corrected  ele- 
vations of  all  bench-marks  will  be  made  and  entered  in  a  book  kept  for  that  purpose. 
These  notes  should  be  so  Ihll  as  to  enable  one  not  familiar  with  the  ground  to  find 
the  marks  even  after  the  lapse  of  several  years'  time. 

AH  water  ganges  will  be  connected  with  by  duplicate  lines  of  levels  A*om  the 
nearest  heucn-marks  and  the  elevations  of,  their  zero  points  entered  in  the  gnii^e 
book.  The  elevation  of  the  zero  should  be  tested  whenever  there  is  a  probability 
tiiat  the  gan^  hae  been  disturbed. 

The  ^evationa  of  the  water  snrfiftce  will  be  determined  at  the  extremities  of  sound- 
ing Unas  at  i&tarvalB  of  not  more  than  400  metres^  and  the  time  of  the  observation 
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-will  also  be  entered  in  tlie  notebook.  This,  when  corrected  for  change  of  etaffe,  as 
shown  by  the  local  gauge  readings,  will  give  the  slope,  and  alao  serve  to  check  large 
errors  in  lev^fling. 

Elevations  of  transit  stakes,  high- water  marks,  and  surface  of  ground  at  sounding 
fiofs  will  be  determined  whenever  it  is  practicable. 

Level  notes  will  be  kejpt  in  the  following  form  on  the  left-hand  page  of  the  note- 
book, the  other  page  bemg  reserved  for  sketches  and  remarks. 


[R.B. 

naar  Orand  Tower,  December  12, 1884.    Inst.  B. 

&  B.  140. 

K.  Oreenwood,  obMrrer.] 
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River  crossings  for  connecting  the  two  lines  of  levels  will  be  made  by  the  two  ob- 
servers taking  ten  simultaneous  readings  across  the  river  in  opposite  directions. 
Then  the  observers  and  instruments  should  change  places  and  repeat  the  observa- 
tions. 

The  instruments  should  be  in  good  adjustment,  and  when  once  focnssed  for  the 
long  distance  should  not  be  changed  until  the  observations  are  completed.  The 
mean  of  the  values  thus  detarminea  will  be  taken  as  the  true  value. 

Hydrography, — ^A  continuous  record  of  the  stage  of  the  river  will  be  derived  from 
a  suitable  gauge  read  three  times  a  dav,  its  zero  being  referred  to  a  known  bench- 
mark as  soon  after  it  is  set  as  practicable. 

Sv/imding  lines  will  be  run  normal  to  the  stream  at  intervals  of  250  metres^  and  the 
soundings  on  these  lines  will  be  as  close  together  as  practicable.  These  lines  will 
be  numbered  consecutively. 

A  c>ontinuous  longitudimil  line  passing  through  the  deepest  water  on  each  section 
will  be  sounded. 

On  all  crossiuflTs  there  will  be  sufficient  soundings  to  determine  the  least  channel 
depth  between  the  pools. 

As  many  soundiuffs  as  practicable  will  be  located  by  means  of  angles  read  simul- 
taneously between  located  points  on  shore,  with  two  sextants  in  the  sounding  boat. 
Intermediate  soundings  can  be  interpolated  by  taking  them  at  equal  intervals  of 
time. 

The  character  of  the  bottom  will  be  frequently  determined  by  means  of  a  tallowed 
lead. 

In  water  less  than  10  feet  deep  it  is  convenient  to  use  a  pole  divided  to  feet  and 
tenths.  A  10-pound  lead  is  suitable  in  water  from  10  to  40  feet  deep.  In  greater 
depths  it  is  desirable  to  use  a  lead  weighing  from  15  to  20  pounds. 

A  firmly  twisted  or  braided  hemp  lead  line  three-eighths  of  an  inch  in  diameter 
should  be  used.  It  should  be  marked  with  leather  or  cloth  tags  at  intervals  of  one 
foot,  the  10-foot  marks  beiuff  made  conspicuous.  The  length  of  the  lead  line  from 
the  end  of  the  lead  to  each  10-foot  mark  must  be  tested  at  uie  beginning  and  end  of 
each  day's  work  and  the  result  entered  in  the  note  book.  The  lead  line  should  be 
accurately  marked,  so  as  to  avoid  corrections  as  far  as  practicable. 

The  beginning  of  each  line  sounded  will  be  headed  in  the  notebook  with  the 
number  of  the  section.  A  description  of  the  character  of  the  banks  at  intervals  of 
about  half  a  mile  will  also  be  entered  in  the  notebook. 

The  elevation  of  the  water  surface  at  the  time  of  sounding  may  be  determined  for 
each  line  by  means  of  the  levels  as  already  described  under  the  head  of  ordinary 
levels. 

The  notes  will  be  kept  In  the  following  forms: 


Sounding  in  the  vicinity  of  St.  Louie,  November  16, 1889. 
[E.  L.  Hannsnn,  Q.  'VT.  Wisner,  obMnrert;  B.  B.  Firkhis,  rtootdvi  J.  8totk»  leMtsmaii.) 
[Left-hand  page.] 


Time. 


Observed 
depths. 


Angles  and  ranges. 


Character 

of 
bottom. 


[Right-hand  page.] 


Correction. 
Leadline 
and  stage. 


Coireoted 
depth. 


Bamarkfl. 


k 


•j- 


/^ 


it 

K 


^ 


I 


I 


« 


I 


OM  CXPAMMO 
MOHt, 


sul^Vttw|"]^^^^^'^ 


^i 


Eng91 


APPENDIX  Z  Z ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     3485 

• 

Hie  aofflos  read  to  locate  Bonndinss  will  be  nmnbeied  oonBeoatlTely  for  eaoh  day's 
worky  and  the  soimdings  located  wuL  be  marked  with  oorreeponding  nnmbers. 

(hmputSma  immI  planing. — ^The  ooSrdinatee  of  all  tertiary  stations  and  stone-line 
bench-marks  will  be  oompnted  and,  together  with  the  secondary  stations,  will  form 
the  basis  £6r  platting  the  topoffraphioal  detail.  The  results  of  these  compatations 
will  be  kept  in  snitable  form  ana  preserved  for  fotore  reference. 

The  work  will  be  ]platted  on  a  scale  of  1 :  10,000.  The  field  plats  will  be  26  by  30 
inches  in  sise^  on  which,  near  the  center,  will  be  printed  a  12-inoh  circl^  divide^  to 
15-minate  spaces  to  facilitate  the  platting  of  polar  coordinates. 

ParaUels  and  meridians,  1  minute  apart,  will  be  projected  on  the  field  plats  and 
shown  by  flue  red  lines  properly  numbered.    From  these  the  ^  stations  will  be 

Slatted.  Ab  this  is  the  ground  work  for  subsequent  detail  it  should  be  carefully 
one  and  cheeked  over  to  insure  its  accuracy.  All  A  stations,  stadia  stakes,  and 
sounding  flags  and  their  elerations  should  be  marked  on  the  plats  in  red  ink  before 
the  detailed  work  is  put  in« 

All  of  the  detail  must  be  carefully  platted  and  positions  yerified  by  check  shots 
when  Boch  ace  available. 

The  contour  lines  and  other  outlines  should  preferably  be  put  in  by  the  observer 
who  loeated  them  in  the  field. 

Field  plats  will  be  laid  out  in  euch  a  way  as  to  show  both  banks  of  the  river  with 
the  a^jaoent  toposraphy  on  the  s^ime  sheet  whenever  it  is  practicable.    If  the  sheet , 
is  not  lar^  enon^,  plat  the  remaining  work  on  a  new  sheet  rather  than  enlarge  by 
lasting  pieces  to  the  first  sheet. 

Banks  that  are  too  steep  to  admit  of  drawing  in  the  contours,  and  abrupt  banks 
of  less  than  6  feet  in  height,  will  be  shown  by  hachures. 

The  elevations  of  water  surfaces  for  each  day's  work  will  be  plainly  written  on  the 
plats. 

All  field  plats  must  be  completed  in  the  field  at  least  fkr  enough  to  detect  any  in- 
'  stmmeutal  errors  in  the  field  work  before  the  platted  area  is  out  Of  reach.    Hard 
pencils  will  be  used  in  platting. 

Each  field  plat  will  bear  a  legend  giving,  locality  and  date,  the  names  of  the  chief 
of  the  purty,  the  observers  and  draftsman,  the  numbers  and  pages  of  the  no^books 
from  wnich  the  notes  were  derived,  and  any  other  information  that  may  be  useful 
in  the  final  reduction  of  the  work.  This  data  should  be  noted  as  the  work  is 
platted. 

Care  must  be  taken  at  the  edges  of  the  sheets  to  have  the  detail  on  successive  plats 
Join  properly,  and  make  sure  tmit  the  ground  is  fully  covered  by  the  survey. 

Xopumelatmre. — ^The  word  lake  will  be  confined  to  the  larger  bodies  of  water, 
which  are  seldom  if  ever  dry.  They  usuallv  have  a  local  name  which  should 
alwavs  be  noted.  Smaller  and  temporary  bodies  of  water  having  no  local  names 
will  be  called  ponds. 

The  word  swamp  will  be  applied  only  to  ground  which  is  covered  with  a  growth 
of  grassy  cypress,  elbow  brusn,  willows,  or  such  other  vegetation  as  indicates  that 
the  area  is  generally  wet,  soft,  or  spongy. 

The  terms  bayou,  or  creek,  will  be  applied  only  to  main  water  courses  which  con- 
nect lake*  and  swamps  or  other  drainage  areas  with  the  river,  and  carry  water  to 
or  from  the  latter,  as  the  stage  varies. 

Minor  swampv  conduits  wul  be  called  sloughs.  This  applies  only  to  such  as  are 
not  designatea  by  local  names. 

The  character  of  the  material  composing  the  bars  and  banks  of  the  river  will  )>e 
frequently  noted  and  carefrilly  described. 

Ijie  names  of  property  owners  or  residents,  of  landings,  wood-yards,  fields,  patchss 
of  timber^  islancb.  chutes,  bends,  bars,  points,  and  other  local  names  necessary  to  a 
frin  description  of  the  section  surveyed  will  be  frdly  noted  and  entered  on  the  field 
plats.  The  following  signs  and  abbreviations  will  be  used:  Secondary  stations^  @; 
tertiarv  stations,  ^*;  trtmsit  stakes,  Q ;  sounding  fiags,  0.  Turning  points  in  level- 
ing notes  will  be  written  T.  P. ;  bench-marks  B.  M. ;  temporary  bench-marks  T.  B. 
M«.  and  precise  bench-marks  P.  B.  M. 

On  the  field  plats  the  precise  bench-marks,  with  their  numbers  and  elevations,  will 
be  written  thus:  P.  B.  M.  27  0  218'.032;  stone-line  bench-marks  thus:  B.  M.  Y  ^ 
219^.23,  in  which  the  numerator  is  the  number  of  the  stone  line,  and  the  denomina- 
tor thejiumber  of  the  stone  on  the  line  reckoned  from  the  outer  stone  on  the  left 
bank. 

The  stone  lines  will  be  numbered  consecutively  upstream,  beginning  with  number 
If  near  Cairo,  lU. 

AH  elevations  in  the  topographical  work  will  be  referred  to  the  Memphis  datum 
plane. 

To  lednoe  elevations  from  the  Cairo  datum  to  the  Memphis  datum  subtract  13.13 
feet  from  Cairo  datum  elevations. 

TIm  appioximate  mean  Gulf  level  is  8.13  feet  abovs  the  Memphis  datum  plane. 
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Appendix  C  4. 

rkport  of  mr.  j.  a.  0ckkr80n,  assistant  engineer,  on  profile  of  missis- 
sippi river,  cairo  to  donaldson ville. 

Office  Mississippi  River  Commission, 

Jun&  18, 1891. 

Captain:  I  have  tlie  honor  to  snbmit  the  foUowmg  report  on  a  profile  of  the  Mis- 
sissippi River,  showing  right  bank  and  levees  from  Cairo  to  Donaldsonville;  left 
bank  and  levees  from  Memphis  to  Vioksbnrg;  mean  high- water  line  1872-1889:  mean 
low- water  line,  1872-1889 ;  the  high  water  of  1882  and  of  1890 :  the  low  water  of  1883 ; 
the  lowest  water  daring  the  period  1872-1890,  and  the  mean  nigh  and  the  mean  low 
water  of  1881-1885. 

The  mid-bank  line  was  taken  as  the  initial  line  for  distances.  This  mid-bank  line 
was  conceived  to  be  a  line  lying  midway  between  the  high- water  banks  of  the  river. 
In  cases  where  the  river  was  divided  by  high  islands  the  line  followed  the  main 
channel,  being  midway  between  the  high-water  banks  of  the  island  and  the  main 
river  bank. 

In  case  of  bars  and  low  tow  heads  the  line  was  considered  to  be  midway  between 
the  banks  proper  and  often  lay  entirely  ontside  of  the  low- water  stream. 

The  distances  were  laid  off  on  this  line  with  a  pair  of  dividers  taking  500  metre 
steps.  For  convenience  in  plotting,  the  stations  were  fixed  at  1,000  metres,  all  the 
intermediate  points  being  designa^Id  by  titie  number  of  station  plus  the  number  of 
metres  from  the  preceding  station.  All  points  were  projected  onto  the  mid-bank 
line  and  their  distance  frt)m  the  origin  there  determined.  It  is  therefore  apparent 
that  where  there  are  sharp  bends,  a  short  distance  on  this  line  will  sometimes  repre- 
sent a  long  stretch  of  concave  bank,  while  a  I<m^  distance  on  the  same  line  will 
sometimes  represent  a  very  short  distance  of  the  convex  bank.  Therefore  the  pro- 
file does  not  show  the  locvl  slope  correctly,  but  is  correct  as  a  whole.  Locally  sev- 
eral miles  of  bank  may  be  represented  on  the  profile  by  a  very  short  line  and  the 
slQpe  will  thereby  be  very  much  exaggerated,  or  a  short  length  of  bank  may  appear 
on  the  profile  as  Very  much  longer,  hence  there  will  apparently  be  ji  long  distance 
with  little  or  no  slope.  This  is  especially  true  of  levees  which  run  across  the  narrow 
points  instead  of  following  around  near  the  river. 

In  getting  out  the  banx  elevations,  the  field  plots,  showing  all  the  elevations 
which  had  Been  determined  by  transit  or  level,  were  carefully  studied.  From  these 
the  highest  continuous  ground  line  within  the  limits  of  the  surveys  was  determined, 
and  such  elevations  along  this  line  were  tabulated  as  are  necessary  to  show  the 
slope  or  change  of  slope.  It  was  not  deemed  essential  to  tabulate  all  of  the  ele- 
vations given  on  the  field  plots.  This  ground  line  was  often  a  considerable  distances 
from  the  river  in  consequence  of  battures  or  other  low  land  along  the  river  front. 
\n  the  case  of  cut-offs,  as  Devils  Elbow,  Commerce,  Walnut  Bend^  etc.,  the  highest 
ground  line  lies  along  the  old  bends,  where  in  some  cases  the  elevations  have  not  been 
well  determined.  Wnere  the  elevatiouB  are  ^iven,  the  points  are  projected  on  the 
mid-bank  line,  and  a  very  long  line  of  bank  is  represented  on  the  profile  T>y  a  com- 
paratively short  line.  Several  miles  of  the  old  bank  may  be  projected  into  one  point 
on  the  mid-bank  line  or  the  points  may  even  overlap,  hence  the  profile  in  such  cases 
*"  A^     ^        is  largely  a  matter  of  judgment,  as  it  cannot  represent  actual  conditions. 

In  general,  however,  the  ground  profile  represents  the  trace  on  a  vertical  plane  of 
the  highest  continuous  ground  line  within  the  limits  of  the  survey. 

It  may  be  said  that,  except  in  cases  of  battures  and  cut-offs,  this  line  lies  near  the 
river  and  often  at  its  very  edge.  This  is  especially  true  below  Red  River,  where  the 
slope  from  the  river  back  to  tne  swamp  is  sometimes  15  feet  or  more  per  mile. 

As  the  field  plots  show  general  couditionH  and  features  rather  than  minor  details, 
there  are  of  course  a  great  many  small  ridges  and  depressions  wliioh  are  not  shown 
and  consequently  not  noted  in  the  tabulation. 

From  my  experience  in  topographic  field  work  I  am  satisfied  that  more  elevations 
are  determinea  on  the  higher  ground  than  in  the  depressions,  as  the  rodman  is  much 
easier  seen.  Consequently  there  are  a  great  many  minor  depressions  which  in  the 
aggregate  would  permit  the  escape  of  a  considerable  amount  of  water  which  are  not 
noted  at  all. 

The  ground  line  plotted  from  the  data  will  therefore  be  somewhat  too  high. 

The  elevations  of  levee  given  refer  to  such  levees  as  were  in  existence  at  the  time' 
tihe  surveys  were  made  an«  all  other  levees  constructed  up  to  February  1, 1890. 

The  locations  of  the  levees  constructed  since  the  general  surveys  were  made  as  well 
as  the  g^ade  lines  have  been  derived  from  the  district  officers  and  the  levee  engineers. 

Below  Warrenton  the  data  as  to  levee  grade  line  is  not  as  frill  as  it  should  be.  The 
intervals  between  determined  elevations  are  sometimes  quite  long  and  the  profile  of 
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the  leTee  is  shown  as  a  straight  liAe  between  such  points.    This  part  of  the  line  maj 
therefore  be  regarded  as  a  close  approximation  only. 

The  eloTations  of  high  and  low  waters  are  such  as  have  been  detenniucd  under  the 
direotion  of  the  Commission,  and  are  comprised  in  tables  of  '^high  and  low  water/' 
on  file  in  this  office. 

The  means  for  a  i>eriod  of  years  which  are  shown*  by  points  on  the  profiles  were 
derived  firom  tiie  gauge  readings  at  the  several  gauge  stations,  where  a  continuous 
record  has  been  kept.    There  is  no  data  for  intermediate  points. 

The  oyerflow  on  the  left  bank  from  Cairo  to  Memphis  and  Yicksburg  to  Baton 
Roage  being  confined  by  the  bluffs,  which  are  generally  near  the  river,  may  be  con- 
sidered as  merely  looal,  and  the  elevations  of  the  immediate  liver  bank  have  there- 
fore not  been  tabulated. 

Bespeotfiilly  submitted. 

J.  A.   OCKKRSOK, 

U,  8,  As9istani  Engineer, 
Capt.  Cabl  F.  Palfrey, 

Corps  of  Engineers,  TJ,  8.  A,, 

Secretary  Mississippi  River  Comtnission. 


Appendix  C  5. 

TABULATED  RESULTS,  WITH  FIELD  AND  OFFICE  REPORTS,  OF  DISCHARGE  MEA8URE- 
MEXT8  ON  THE  MISSISSIPPI,  OLD,  AND  ATCHAFALAYA  RIVERS,  1887  TO  1^, 
INCLUSIVE,  AND  OF  SOME  EARUER  MEASUREMENTS  NOT  PREVIOUSLY.  PUBLISHED. 

[Whon  not  otiicrwiae  stated,  resulta  are  derived  ftom  final  reduction  at  the  office  of  the  seoretary  Mia- 

aiasippi  River  Commission,  1889-'00.] 

CONTENTS. 

Fagei 

Mississippi  River,  Hays  Landing,  Miss.,  1884 8488 

MissiBsippi  River,  Waterproof  Cut-off,  1884 3488 

OldBiver,  near  mouth,  1882 3488 

Bayon  des  Glaises,  Hamburg,  La.,  1882 3488 

Mississippi  River,  Arkansas  City,  Ark.,  1887 3489 

Mississippi  River,  Arkansas  City,  Ark.,  1889 3490-3494 

MiBsissippi  River,  Wilsons  Point,  La.,  1887-'89 3495-3497 

Mississippi  River,  New  Madrid,  Mo.,  188^'89 3497-3504 

Mississippi  River,  Helena,  Ark.,  1888-'89 3505-35U 

Mismssippi  River,  Warrenton,  Miss.,  1889 3512-3515 

Mississippi  River,  Red  River  Landing,  La.,  1889 351&-3519 

Old  River,  below  TumbuUs  Island,  1889 3516,3517,3520 

Atchafalaya  River,  Simmsport,  La.,  1889 3516,3517,3521 

Miflisissippi  River,  CarroUton,  La.,  1889 3522-^25 
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MEMORANDA  TO  ACCOMPANY  TABULATED  RKSULT8  OF  FINAL   REDUCTION   IN 

TARY'S  OFPICR,  MIS8I8HIPPI  KIVER  COMMISSION,  OF  DISCHARGE  0B8EBYAT10R8  MADE 
ON  THE  BilSSlSSIPPl  RIVER,   AT  ARKANSAS  Cll^Y,  ARKANSAS,   1889. 

October  25, 1888. 

The  notes  of  these  observations  were  received  from  the  third  district  in  May,  1880r 
for  recompntatiou. 

A  map  of  the  locality,  dravm  to  a  scale  of  1 :7200,  accompanied  the  notes.  This 
map  shows  the  discharge  section  at  apparently  the  same  place  as  it  was  in  1884-'86. 
and  also  shows  the  arran ji:t*meut  of  fixed  signals  on  shore  by  which  the  sounding  ana 
velocity  stations  were  located.  The  sdundiug  stations  were  at  intervals  of  76  feet 
across  the  river,  every  fourth  one  beiu^^also  a  velocity  station.  The  water's  edge  at 
each  bank  was  located  by  measuring  &om  the  section  hub  on  that  bank;  this  also 
determined  the  river  width  for  that  day. 

Ail  the  velocities  of  this  series  were  measured  with  the  W.  G.  Price  current  meter 
No.  5;  for  a  description  of  the  Price  meter  and  outfit  see  Report  Chief  of  Engineers, 
1887,  p.  2821.  The  chronograph  8li]>8  did  not  accompany  the  notes;  the  registra- 
tions, however,  had  beeu  counted  in  the  field  and  recorded  in  the  notes,  and  tiie 
results  were  aaopted  in  this  compniation.  The  observer  states  tha^on  Febmarv  22 
and  23^  no  paper  bein^  on  hand,  the  revolutions  of  the  meter  wheel  were  found  by 
watching  tu«  registering  points. 

Three  sets  of  rating  observations  were  made  with  this  meter  at  Arkansas  City  dur- 
ing the  season.  The  results  of  reduction  in  this  office  by  the  usual  method,  are  given 
in  the  following  table: 


Date  of  nbeenra- 

tiODB. 

No.  of 

obsiTva- 
tiunft. 

* 
a 

b 

Mean 
error  of 
observa- 
tione. 

Mean 

error  of 

a 

Mean 

error  of 

b 

Kemarks. 

Deo.  4,  1888 

Feb.  27,  1889 

March  27. 1889 

•     12 
15 
22 

8.7989 
3.9921 
8.8421 

-1-0.1953 
+0. 0187 
+0. 0786 

:«:0.280 

±0.188 
dbO.238 

±0. 121 
±0.109 
±0.075i 

±0.215 
±0.165 
±0.145 

In  nmning  water. 
Do. 
Do. 

These  results  were  combined  by  weighting  a  and  h  inversely  as  the  sciuares  of  the 
mean  errors  of  a  and  b  in  each  series.  I'he  resulting  equation,  y  =13.8712  x  -f  0.0816, 
was  used  in  computing  all  of  the  1889  series  of  discharges  at  this  station. 

(In  1884-'85  six  setH  of  rating  obHervations  were  ina<le  with  this  meter.  The  results 
are  publishe<I  in  Report-  Chief  of  Engineers  1887,  p.  2815.  Also  a  set  of  rating  ob- 
servations was  made  with  this  meter  near  Wilson's  Point,  La.,  July  4, 1889.  There- 
suits  are  published  herewith.) 

The  compntiitiouH  of  areas  of  cross  section  were  made  and  checked  in  the  manner 
described  at  length  in  Report  Chief  of  Engineers,  1887,  pp.  2823  to  2826.  There  were 
no  lead-liue  corrections  and  the  soundings  were  taken  directly  from  the  notebooks. 

The  discharges  were  found  by  the  method  described  in  the  report  accompanying 
the  final  re<luction  in  secretary's  office  of  the  Carrollton  observations  of  1883.  In 
the  present  series^  however,  the  meter  was  usually  run  at  six-tenths  the  depth  from 
the  surface,  and  for  150  seconds. 

The  datum  areas  were  computed  in  the  following  manner:  Datum  was  assumed  at 
41.73  feet  on  the  gauge;  this  was  the  elevation  of  (latum  in  1884-'85,  and  was  adopted- 
in  this  work  in  order  to  conveniently  make  comparisons  between  the  different  series. 
Datum  width  was  takeu  as  3,395  feet.  The  w^iilth  at  35.25  feet  on  the  gauge  was  taken, 
as  observed,  as  3,373  feet ;  at  29  feet  as  3,363  feet,  before  February  leaner  that  date 
as  3,352  feet ;  at  22.67  feet  as  3,321  feet.  The  following  formulas  were  used  in  com- 
puting the  datum  areas  in  which  h  represents  gauge  reading,  and  to  observed  width. 

Between  29  and  35.25  feet  on  the  gauge: 

x^  X                   /^^  «»      oeorx3395-|-3373  .  ,„^„^      ^,3373 -fir,        ,  ^..^ 

Datum  area  =  (41.73— 35.25) ^ [-(35.25  — fc) ^ — [-water  area=2ia38 

3373 -4- to 
+  (35.25  — ii)  — ^2    — I- water  area. 


Between  22.67  and  29  feet  on  the  gauge : 
Datum  area  =  21928  -[-  (35.25—29)  ~  -  ^-^^^ 


_•  roQ      ^/3352-[-ii>  . 

-[-  (29—  A-) 2^ — -|-  water  ana: 


42944 -[- (29 — A) —|-i^ -[- water  area. 
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j 
Below  22.67  on  the  gauge: 

*33524-S821  3321 +10 

Datum  area =42044  + (29— 22.e7)  ^         +(22.07— A)  X        2       +^*^^ 

3321 +w 
afea=64064  + (22.67— ii)^^^^^!= — heater  area. 

The  gauge  need  was  the  standard  gauge  at  the  elevator.  The  gauge  inspectors' 
level  notes  of  September  7, 1887,  and  October  4, 1889,  show  that  this  gause  was  0.2 
feet  too  high,  and  all  the  records  between  those  dates  have  been  corrected  by  addinj( 
0.2  feet  to  each  reading.  The  zero  of  this  gauge  is  116.44  feet  above  the  Cairo  datum 
plane,  survey  Mississipj^i  River. 

Tlie  gauge  readings  ^iven  for  days  on  which  the  discharge  section  was  sounded 
coireepond  to  mean  tune  of  observations;  for  other  days  the  mean  daily  reading  is 
^ven.    The  rise  or  fall  in  preceding  24  hours  is  derived  firom  the  reg^ar  records 

The  maximum  depths  have  been  taken  directly  from  the  soundings. 

The  direction  and  force  of  wind  have  been  copied  from  the  notes;  the  direction  is 
indicated  by  the  fiffuree  of  a  doek  dial,  XII  o'clock  being  upstream  and  denoting  a 
downatream  wind,  Yl  denoting  an  upstream  wind,  etc. 

The  figures  following  the  direction  evidently  indicate  the  velocity  in  miles  x>er 
houTy  as  they  agree  witii  Trautwine's  wind  table^  which  had  been  copied  into  one  of 
the  notebooks. 

The  mean  velocities,  mean  depths,  mean  datum  depths,  and  scour  and  fill,  have 
been  computed  in  the  usual  manner. 

Acoompanying  the  tables  are  two  plates;  on  one  is  the  map  of  the  locality,  and  on 
-flie  other  the  discharges  areas,  and  mean  velocities  as  abscissas,  have  been  plotted  to 
gaose  heights,  and  the  datum  areas  and  gauge  record  plotted  to  time  abscissae.  On 
the  latter  plate  are  also  plotted  two  profiles  of  the  discbarge  cross  sectioo. 


*3363  was  used  prior  to  February  15, 1889. 
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APPENDIX  Z  Z REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     3495 

IfSM ORANDA  TO  ACCOMPANY  TABULATED  RKSULTS  OF  FINAL  REDUCTION  IN  SECRE- 
TARY'S OFFICE  OF  DISCHARGE  0BSKRVATlONS|  MISSISSIPPI  RIVER,  AT  WILSON 
POINT,   LOUISIANA,   1887-1889. 

*  All  gauge  readings  at  the  discharge  section  are  referred  to  the  zero  of  Lake  Proyi- 
dence  gauge.  Datum  was  assumed  at  41.83  feiit,  the  same  as  in  the  observations  of 
1883-l^i  Datum  width  was  taken  as  3,555  feet  for  1887  and  1888,  and  3,646  feet  for 
1889.  For  the  observations  of  1887-'88  the  flrst  computation  of  water  areas  was 
checked  by  planimeter  measurements,  the  aouudiug  uoU*^  not  being  obtainable;  and 
the  water  widths  were  scaled  from  the  plotted  cross  section. 

The  methods  used  in  finding  the  other  quautities  tabulated  have  already  been  de- 
scribed in  the  memoranda  accumpauying  the  dual  reduction  of  discharge  observa- 
tions of  1883-1885. 

The  results  of  reduction  in  Secri^tary's  office  of  observations  for  rating  the  meters 
that  were  used  in  observing  velocities  are  given  in  the  following  table: 


Designftp 

tiODOf 

meter. 

Bate  and  locality  of  rating 
observations. 

Nnm- 

ber  of 

olMer- 

vationa. 

a 

b 

Mean  er- 
ror of 

obaerva- 
tiona. 

Mean 

exTor  of 

a 

Mean 

error  of 

b 

Notjeiven  . 
Price.  No!  6. 

Apr.  18, 1887,  Old  River  Lake. 
Apr.  23, 1887,  Old  River  Lake. 
July  4, 1880,  near  Asbton,  La  . 

10 
15 
11 

-f  1.9921 
+1.8941 
+4.0704 

+0. 3769 
+0.3448 
+0.0417 

+0.0825 
±0.0671 
±0. 1735 

±0.0251 
±0. 0145 
±0.0810 

±0.0832 
±0.0493 
±0. 1341 

Ck)mbining  the  results  of  April  18  and  23, 1887,  by  weighting  the  constants  inversely 
the  squares  of  their  mean  errors  we  have 

y  =  1.9186  X  -f  0.353, 

which  was  the  equation  used  for  reducing  the  observations  at  Arkansas  City  and 
Wilson  Point,  1887  and  1888. 
The  equation  used  for  computing  the  discharges  of  July  3-6,  1889,  was 

y  =  4.0704  x  + 0.0417. 
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extracts  from  report  by  mr.  b.  c.  tollinger,  assistant  engineer,  chief  of 
party,  upon  discharge  observations,  mississippi  river,  at  wilson  point, 
louisiana,  july  3  to  5,  1889. 

United  States  Engineer  Office, 

Ashtony  La,,  July  ^3,  1889. 

•  •  •  •  •  •  • 

Outfif. — Tlip  launr-h  (No.  3),  meter  (I*rit'e,  No.  5),  liatterios,  et<'.,  were  the  same  as 
used  at  Aikansas  City,  Ark.,  during  the  past  season.  A  main  duke  to  replace  one 
broken  off  Febmaiy  22^  1889.  was  put  on  the  propeller  on  the  2d  instant.  Except 
under  favorable  oonditionB  the  launch  ne^ds  careful  handling  by  men  &miliar  with 
its  eccentricities  to  insure  safety.  As  will  be  seen  below,  the  conditions  were  not 
favorable,  but  each  unfavorable  experience  lessened  the  danger  of  its  repetition. 

Parly.— The  party  consisted  of  J.  J.  Hoopes  (present  by  invitation) ;  E.  C.  Tolliuger, 
assistant  engineer;  Birdwell,  pilot j  Tupper,  steam  engineer;  Jas.  H.  Bryan,  leads- 
man ;  and  a  fireman.  The  registrations  were  counted  by  the  assistant  engineer ;  the 
time  noted  and  announced  and  the  meter  lowered,  etc.,  by  the  leadsman.  The  assist- 
ant engineer  and  the  leadsman  were  familiar  with-  the  work,  the  launch,  etc.,  but 
the  remainder  of  the  crew  were  not  flEuniliar  with  either. 

Stage  of  water. — ^The  rise  had  reached  its  highest  point  on  the  Ist  instant,  the  gauge 
reading  *  29.40.    Our  observations  were  made  therefore  on  the  i^rst  3  days  of  the  faSl. 

Other  ooiMlitiofw.^-Considerable  drift  was  moving  throughout  the  period  covered 
by  our  observations. 

Location. — ^The  discharge  section  was  at  Wilson  Point,  La,  and  on  the  same  t  line 
used  by  Mr.  Arthur  Hider,  United  State  assistant  engineer,  in  1887,  but  was  some- 
what lengthened  by  caving  on  the  Louisiana  side.  The  same  ranges  were  used  except 
that  one  was  added  on  the  Louisiana  shore. 

Observations. — ^The  soundings  were  taken  from  skiff  launched  to  the  starboard  side 
of  the  launch,  and  from  the  Louisiana  to  the  MlBsissippi  shore.  They  were  taken 
at  the  stations,  and  half  way  between  stations.  The  current  was  so  strong  and  the 
water  so  deep  that  quite  a  number  of  drifting  soundings  had  to  be  made. 

Velociiies. — ^The  observations  of  the  velocities  were  made  at  the  stations,  andf^om 
the  Mississippi  to  the  Louisiana  side. 

The  meter  lMK>m  was  first  lowered  at  a  horizontal  angle  of  45  degrees  with  the  launch, 
but  was  afterward  worKcd  directly  astern  in  the  deeper  water,  and  the  boom  to 
which  the  guy  rope  was  attached  pointed  about  directly  forward.  This  course 
lessened  the  danger  of  breaking  the  forward  boom  and  lessened  the  liability  of  the 
current  pulling  tne  meter  cord  off  of  the  well  wheel  attached  to  the  main  boom. 

The  meter  weight  was  not  heavy  enough  to  sink  it  to  the  original  depth  [six-tenths 
f^om  the  surface]  in  the  deepest  and  swiftest  water ;  two  or  three  stations  were 
therefore  taken  at  mid-depth.     •      *      • 

Bating  the  meter. — ^The  meter  was  rated  on  the  evening  of  July  4,  in  still  water, 
just  above  the  fleet  near  Ashton,  La.  The  water  being  still,  all  the  observations 
except  one  were,  for  convenience,  ma^le  in  the  same  direction.  The  length  of  base 
was  300  feet.     •      •      * 

Capt.  Wm.  T.  Rossell, 

Corps  of  Engineers,  U.  S.  A. 

Memphiftj  Tenn. 


extracts  from  report  by  MR.  WM.  GERIG,  ASSISTANT  ENGINEER,  CHIEF  OF  PARTY, 
UPON  DISCHARGE  OBSERVATIONS,  MISSISSIPPI  RIVER  AT  NEW  MADRID,  MISSSOURI, 
1888-'89,  AND  UPON  THE  OFFICE   COMPUTATION. 

Memphis,  Tenn.,  September  5, 1889. 

The  party  at  this  station  coiiHi»ted  of  one  a88istant  engineer,  one  steam  engineer, 
one  steersman,  and  two  boatmen. 

Observations  were  made  upon  two  sections  about  1}  miles  apart.  The  first  was 
called  the  high-water  section  and  was  about  5  miles  below  New  Madrid.  At- the  end 
of  the  section  on  the  right  bank  a  base  line  4,829  feet  long  was  measured  nearly  at 

*  33.23,  referred  to  the  sero  of  the  Lake  Providence  gauge.  (Secretary  Mississippi 
River  Commission.) 

tThis  isapparently  also  the  line  used  for  discharge  section  during  the  observa- 
tions of  1883, 1884,  and  1885.    (Secretary  Mississippi  River  Commission.) 
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ri^ht  angles  to  the  section.  On  eaoli  bank  a  series  of  radial  signals  was  set,  deter- 
mining lines  which  intersected  the  section  at  points  300  feet  apart  called  Telocity 
stations.  Signals  were  also  s^  on  the  section  to  determine  the  nver  width ;  the  dis* 
tance  between  these  signals  being  6|053  feet.  Distances  from  the  water's  edge  to 
these  signals  were  observed  each  day  which  determined  the  river  width.  In  the 
system  of  intersecting  ranges,  on  the  right  bank,  the  pivot  signal  was  5,302  feet 
mm  the  section  and  a  perpendicular  from  it  intersected  the  section  1,084  feet  from 
signal  B  on  the  prolonged  section.  The  other  signals  were  placed  between  the  pivot 
signal  and  section  anaon  the  base  line.  Seooncu^ry  signals  were  set  between  them 
to  locate  the  soundings. 

As  the  lower  stages  of  the  river  were  reached  in  December,  several  undesirable 
features  developed  in  the  high -water  section,  the  presence  of  bars  near  both  banks 
made  the  water  too  shallow  to  allow  the  launch  to  be  used,  and  caused  the  current 
to  be  deflected  toward  the  middle  of  the  river  so  that  it  was  no  longer  normal  to  the 
section;  as  the  water  continued  foiling  the  bars  appeared  and  a  pocket  was  formed 
near  the  left  bank  in  which  there  was  no  current.  It  was  decided  therefore  to  change 
the  section  and  a  low- water  section  was  located  about  1^  miles  above  the  high- water 
section. 

The  manner  of  locating  velocity  and  sounding  stations  was  similar  to  that  of  the 
high-water  section.  The  i>oints  at  the  end  of  tnis  section  were  designated  Z  and  X 
and  the  distance  between  them  was  4,141.8  feet.  The  pivot  signal  was  on  the  left 
bank  and  at  a  perpendicular  distance  from  the  prolonged  section  line  of  1,638  feet; 
the  intersecting  point  was  1,147  feet  from  X,  tne  minimum  angle  for  locating  the 
section  being  38°  46'. 

The  river  rose  in  January,  and  on  the  Idth  the  high-water  section  was  occu|ried 
and  used  till  February  13,  and  then  the  low- water  section  till  February  22. 

The  instruments  in  use  consisted  of  Price  meter  No.  10,  a  Morse  registers  a  break 
circuit  clock,  electric  batteries,  transit,  level,  sounding  leads,  lines,  etc.  The  meter 
was  the  well  known  Price  meter  which  has  been  in  use  on  the  river  for  several 
years.  •  •  *  The  meter  gave  no  trouble  except  once  when  the  gutta-peroha 
which  made  the  break  had  worn  down  so  that  the  electric  current  was  not  broken. 
The  gutta-percha  was  removed  as  well  as  the  other  pieces  which  held  it  in  position, 
and  tnen  the  contact  was  made  on  the  remaining  half  of  the  axis.     •    *    * 

Much  trouble  was  caused  by  the  clock,  which  was  a  very  old  one  and  was  fre- 
quently out  of  repair,  at  which  time  a  watch  was  used,  the  time  of  beginning  being 
marked  on  the  ribbon  with  a  pencil  and  also  that  of  endihg.     *    *    * 

The  meter  circuit  was  made  through  a  steel, sash  cordon  which  the  meter  was  sus- 
pended, and  through  an  insulated  copper  wire  which  was  paid  out  with  the  sash 
cord.  A  15-pound  sounding  lead  and  a  three-eighths  inch  cotton  line  were  used 
throughout  the  season. 

Drimng  soundings  were  taken  during  the  highest  water,  but  generally  soundings 
were  taken  without  drifting,  since  the  maximum  depth  was  about  30  feet.    «    *     * 

The  meter  was  suspended  from  a  boom  12  feet  long  at  the  stem  of  the  launch, 
the  boom  proiecting  over  the  side  and  making  an  angle  of  about  60°  downstream  with 
the  axis  of  tne  launch.  A  steel  sash  cord,  three-sixteenths  of  an  inch  in  diameter, 
passed  around  a  reel  in  stem  of  launch,  tnrongh  a  small  pully  in  the  end  of  boom, 
thence  to  an  iron  rod  1  inch  in  diameter  and  2  feet  long.  To  this  rod  the  meter  was  at- 
tached and  also  a  lead  weight  of  about  50  pounds.  Attached  to  the  top  of  the  rod 
was  a  fine  steel  piano  wire  which  passed  through  a  pulley  in  the  end  of  a  20-foot 
boom  in  the  bow  of  the  launch  and  tnence  to  a  reel.  By  paying  out  proper  lengths 
of  standing  and  guy  lines,  the  meter  could  be  immersed  to  any  desired  depth.    *   *   * 

The  coefficients  to  be  used  in  reducing  the  registrations  of  the  meter  to  velocity 
in  feet  per  second  were  determined  by  causing  the  meter  to  move  through  still  water 
over  a  known  distance  at  various  velocities,  the  time  and  number  of  registrations 
being  noted.  A  float  was  anchored  in  still  water  upon,  which  a  beam  was  revolved 
at  the  end  of  which  the  meter  was  attached.  The  beaxn  was  of  such  a  length  that 
in  making  one  revolution  the  meter  traversed  100  feet.  The  meter  circuit  was  made 
from  the  oattery  to  the  stand  on  which  the  arm  was  revolved,  thence  to  the  meter, 
thence  back  by  a  copper  wire  through  the  register  to  the  other  pole  of  the  battery. 
The  clock  circuit  was  so  arranged  that  when  the  revolving  arm  arrived  at  a  certain 
point  the  circuit  was  made  ana  the  time  registered  until  the  arm  had  made  a  revolu- 
tion when  the  circuit  was  broken  and  the  time  ceased  to  be  recorded.  This  was 
done  by  a  small  brass  arm  extending  up  so  that  the  revolving  arm  could  touch  it 
and  move  it  till  it  touched  another  piece  of  brass  or  nickel  and  thus  made  the  con- 
nection. By  this  method  time  of  beginning  and  ending  could  easily  be  measored 
to  one-twentieth  of  a  second  if  the  connection  was  made  dimng  the  half  seoond 

Note. — ^For  a  full  description  of  the  meter  and  outfit  and  the  methods  of  oompn- 
tation,  see  Annual  Report  Chief  of  Engineers,  1887,  pp.  2821-^.  (Secretary  Mia- 
sissippi  Biver  Commission.) 
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I   - 

when  the  circuit  was  made,  otherwise  it  conld  only  be  meastired  to  the  nearest 

half  second.    The  revolntion  of  the  meter  could  be  measured  equally  as  accurately. 

•     «    • 

The  rating  observations  were  reduced  by  the  method  of  least  squares.    The  fol- 
lowing are  uie  results  of  the  rating  of  the  meter  which  were  adopted  for  use : 


Date. 


November  23, 1888. 
Apr£ll7,1889 


No.  of 

obseryft- 

tions. 

a 

b 

22 

38 

8,860 
8,920 

+0. 216 
+0.100 

Heaa  er- 
ror of 

obBervft- 
tions. 


±0.018 
i:  0.020 


A  number  of  ratings  were  made,  but  rejected  on  account  of  large  errors  which 
were  due  tq  the  swivel  not  turning  on  its  axis  in  (hanging  the  direction  of  the  revo- 
lution of  the  arm,  and  thereby  causing  the  revolutions  of  the  meter  to  be  retarded, 
and  also  that  the  brass  connections  upon  which  the  arm  revolved  were  nearly  worn 
out,  so  that  false  registrations  were  made.  On  April  17  all  these  etrors  were  elimi- 
nated and  the  results  are  verv  aocurate. 

The  formula  used  in  reducing  were,  till  December  81, 1888, 

jfs=3.86  0^4-0.22,  and  afterward  y=3.92  z-j-  0.10. 

The  lead  line  was  tested  every  morning  before  using,  and  corrected  by  retagging 
if  in  error.  It  was  also  tested  at  close  of  work  and  errors,  if  any,  compensated  by 
correction  of  soundings. 

The  number  of  seconds  that  the  meter  continued  to  spin  was  noted  before  and 
after  each  day's  work,  and  the  mean  recorded.    •    •    • 

In  the  final  reduction  the  widths  were  calculated  and  the  soundings  plotted  on 
cross-section  sheets,  as  were  also  the  velocities.  The  velocities  were  reduced  by  the 
formuloB  adopted  and  recorded  in  the  note  books.  The  total  area  was  divided  into 
partial  areas  of  500  feet  width ;  these  partial  areas  were  calculated  by  counting  tlie 
emiares  and  were  multiplied  by  the  mean  velocities  of  the  partial  areas  which  were 
tshken  from  the  cross-section  sheets.  The  product  was  the  partial  discharge,  and  the 
sum  of  the  partial  discharges  gave  the  total  discharge,  and  this  divided  by  the  total 
area  gave  the  mean  velocity.  The  counting  of  the  registrationB  was  done  in  the 
field  and  checked  after  each  day's  work. 

The  measurements  for  velocity  were  taken  at  six-tenths  depth.  The  length  of  the 
observations  varied  from  150  secox^ds  to  900  seconds,  though  generally  the  duration 
was  150  seconds.  The  computation  of  velocities  from  the  given  times  and  registra- 
tions was  performed  by  means  of  the  tables  prepared  for  the  purpose.  The  results 
of  computation  were  copied  in  a  tabular  form  aooompanying  this  report  and  also 
into  the  note  books. 

The  gauge  readings  correspond  to  the  mean  time  of  observation.    The  gauge  was 


in  the  mean  gauge  read 


read  at  the  time  of  bej^inning  and  ending  of  each  day's  work  which  was  about  8  a. 
m.  and  4  p.  m.    The  nse  or  lall  in  24  hours  is  the  difference  in 
iiig  for  that  day  and  the  preceding  one. 

Tli«*  computation  of  datum  areas  has  been  made  in  the  following  manner:  For  the 
high-water  section  the  datum  was  assumed  to  correspond  to  the  gauge  reading  of 
25.6  feet.  The  datum' width  was  taken  as  5^967  feet,  that  being  the  measured  width 
and  gauge  reading  on  February  27,  1889.  The  slope  of  the  banks  down  to  20  feet  on 
gauge  was  uniform,  also  from  20  feet  to  10  feet  and  below  10  feet,  and  the  datum 
areas  have  been  computed  by  the  formula: 

Datum  area  =  (26.6 — h,  :^~-^ —   -f  water  area,  where  h  =  gauge  and  w  =  width. 


The  foimula  between  20  feet  and  10  feet  on  gauge  becomes : 

Datum  area  =  (25.6  —  20,  ^'?I  +  ?1?9_+  (20  —  h)  5930  -f^tg^  ^  ^^.^^ 

=  83312-h  (20  — *)  5930  -f  w    ^  ^^^^^  ^^^^ 
la  whieh  5090  fdet  is  width  at  20-foot  stage. 
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For  stages  below  10  feet  the  foimala  is : 

Datum  area  =  38312  +  (20—  10)  ^930  + 5^  ^  ^^q_  ^^    ?^.+  !«L  +  water 

area. 

=  9206.2  +  (10  —  k)  J^  +J?_  +  water  area. 

The  low-water  Hoction  datum  was  assumed  as  the  surface  of  the  water  on  January 
18,  the  gauge  rea^liug  being  21.62.  The  width  on  that  day  was  4,(t23  feet,  which  ivaa 
taken  as  the  datum  width.  The  slope  of  the  banks  change  at  20  feet,  15  feet,  and  10 
feet  stages,  and  the  widths  at  these  stages  are  4,009,  feet,  3,965  feet,  and  3,911  feet. 
The  formula  used  is :  ^  * 

Datum  area=(21.62  — A)4^+i?-f  water  area. 

Between  stages  15  feet  and  20  fe44  the  formula  becomes : 

Datum  area  =  (21.62—20)  ^^-^ti?^  4.(20—*)  ^+5  + water  area 

« 
= 6506  +  (20 — /*)  +  ^."t!"  +  water  area. 

Between  15  feet  and  10  feet ; 

Datum  area  =  6506  +  (20 — 15)  *?2?.i:^?^  +  (15 — fc)  ^!?^±i?  -(.  water  area 

=26441  +  (15— fc)  ???^-+-**  + water  area. 

Below  10  feet : 

Datum  area=^26441 4-(l-'>— 10).??^-+^A^.  +  (10  — A)^y~+-*?+  area 

=  46131  +  (10— A)  ^y:!? -f  water  area. 

Mean  depth  has  beeu  nbtaiued  by  dividing  the  water  area  by  the  width,  and  mean 
datum  depth  has  been  obtained  by  dividing  the  datum  area  by  the  datum  width. 
Maximum  depth  was  taken  directly  from  the  notes.  Scour  or  fill  has  been  obtained 
by  taking  the  difference  of  the  datum  areas;  scour  is  indicated  by  the  positive  sign. 

The  direction  of  the  wind  is  indicated  by  dividing  the  horizon  into  twelve  parts, 
and  luuubering  the  parts  the  same  as  the  hours  on  a  clock  dial,  XII  being  upstream 
and  indicating  a  downstream  wind. 

A  plot  has  been  made  with  the  mean  velocities  and  discharges  of  both  sections  as 
ordinates,  and  the  gauge  heights  as  abscissas.  The  scales  for  each  system  are  shown 
on  the  plot.    *    *     * 

Herewith  also  find  a  tracing  showing  the  location  of  the  sections. 

The  entire  work  has  been  checked  in  various  ways,  and  great  care  has  been  taken 
to  eliminate  all  errors  of  computation. 

•  ««•••• 

Capt.  Smith  S.  Leach, 

Corp*  of  Engineers,  U,  S,  A, 
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0 

EXTRACTS  FROM  REPORT  OP  MR.  C.  W.  STURTEVANT,  ASSISTANT  ENGINEER^  CHIEF  OF 
PARTY,  UPON  FIELD  WORK  OF  DISCHARGE  OBSERVATIONS,  MISSISSIPPI  RIVER,  AT 
lUXENA,  ARKANSAS,  1888~'89. 

Memphis,  Tenn.,  July  !S9, 1889, 
•  •  «_ft  #  «  « 

The  observations  were  taken  from  November  28,  1888,  to  May  2,  1889,  inclosive, 
npon  a  section  located  near  the  positions  of  former  sections  nsod  in  1882  and  1884, 
and  normal  to  the  axis  of  the  cnn*ent. 

Observations  for  velocity  were  taken  200  feet  apart,  and  soundings  100  feet  apart, 
from  station  0  to  station  22i,  where  the  slope  of  the'rivur  bottom  was  nniform.  Be- 
tween stations  22|-  and  25  the  bottom  was  uneven  and  of  steep  slope,  and  soundings 
were  taken  50  feet  apart.  The  section  was  purposely  located  to  pass  tangent  to 
and  on  the  south  side  of  the  smokestack  of  the  new  cotton  compress  in  South 
Helena. 

The  Arkansas  end  of  the  section  is  1,012  feet  below  the  upper  edge  of  the  elevator 
and  was  further  marked  by  signals  on  the  bluffs  and  at  river  bank. 

The  Mississippi  end  of  the  section  is  about  50  feet  south  of  the  narrow  gauge  rail- 
way, and  marked  by  two  signals  700  feet  apart. 

In  the  system  of  intersecting  ranges  the  back  or  pivot  signal  was  5,397  feet  above 
the  section,  and  a  perpendicular  Irom  it  intersected  the  section  at  station  23,  or 
abont  350  feet  from  the  Arkansas  shore  line,  the  front  signals  being  so  placed  as  to 
make  the  ranges  intersect  the  section  at  each  velocity  station,  or  every  200  feet. 
The  minimum  angle  used  in  locating  a  station  was  50^  49',  these  acute  angles  being 
for  stations  near  the  Mississippi  shore,  and  at  the  shallowest  water,  the  angles  be- 
ing 90°  in  the  deep  and  swift  water. 

The  shortest  distance  between  the  pivot  and  a  front  signal  was  700  feet  on  station 
1,  the  entire  length  of  this  range  being  about  7,000  feet.  The  front  signals  were  2  feet 
wide,  and  if  the  launch  shoula  have  moved  off  of  range  10  feet  it  would  be  indicated 
by  the  front  signal  bein^  half  out  of  line  with  the  pivot  signal,  and  this  could  be 
easily  noticed,  and  in  fair  weather  one-fourth  width  of  front  signal  out  of  line  could 
be  detected ;  i.  e.,  in  fair  weather  it  could  be  detected  if  out  of  range  5  feet  at  station  1. 

The  longest  distance  between  the  pivot  and  a  front  signal  was  on  range  25 ;  the 
entire  length  of  the  range  being  about  5,400  feet  and  distance  between  signals  2,200 

feet,   -gT  i.  «.,  i  width  of  signals  =  li  feet,  therefore,  the  launch  at  station  25 

could  be  located  to  the  nearest  2^  feet,  and  station  1  to  the  nearest  10  feet,  and  at 
intermediate  stations  according  to  their  location  between  station  1  and  station  25. 

The  instruments  used  consisted  of  the  Price  meter  No.  8,  a  break  circuit  clock, 
Morse  register,  relay  sounder,  seven  electric  battery  cells,  transit,  and  level. 

The  plant  was  worked  from  the  United  States  steam  launch  No.  7,  the  meter  being 
suspended  from  the  end  of  an  11-foot  boom  projecting  over  the  stem  of  the  launch, 
and  so  fixed  as  to  work  on  either  side  or  behind.  On  the  side  and  at  the  rear  end  of  the 
boom  were  bolted  two  pulley  wheels  over  which  were  run  the  three-sixteenths-inch 
steel  sash  cord  (on  which  the  meter  was  suspended)  and  the  insulated  return  circuit 
wire,  both 'Wires  being  paid  out  side  by  side  and  at  the  same  time.  The  diameter  of 
the  reel  where  the  wire  was  wound  was  increased  by  wrapping  with  leather,  so  that 
the  wire  had  more  slack  than  the  sash  cord,  thus  relieving  the  wire  of  any  extra 
strain. 

Attached  to  the  met«r  rod  was  a  piano  wire  which  ran  over  a  puUey  on  the  end  of 
a  20-foot  boom  placed  over  the  bow  of  the  launch,  thence  to  a  reel,  this  guy  being 
necessary  to  hold  the  meter  directly  under  the  end  of  the  after  boom,  so  that  the 
number  of  feet  of  sash  cord  paid  out  (after  the  meter  left  the  surface  of  the  water) 
would  be  equal  to  the  depth  of  the  meter  below  the  surface. 

The  details  of  the  field  work  for  a  discharge  observation  are  as  follows :  Tested 
lead  line,  whirled  meter  by  hand,  and  noted  number  seconds  requiied  to  come  to  rest. 
Chief  of  party  read  gauge  to  nearest  0.01  of  a  foot.  Then  crossing  river  to  Missis- 
aippi  shore  noted  distance  of  water's  edge.  Anchored  at  first  station,  leadsman 
sounded,  recorder  lowered  meter  0.6  of  depth,  and  took  the  velocity,  the  meter  boom 
being  swung  on  the  starboard  side,  raised  meter  out  of  water,  hauled  up  anchor, 
took  sounding  at  the  half  station,  then  anchored  at  the  next  station,  continuing  in 
this  way  until  the  water  became  20  feet  deep.  Then  the  rest  of  the  section  w^as 
soimded  without  taking^  any  observations  for  the  velocity,  each  sounding  being  taken 
while  launch  was  drifting  with  current ;  noted  distance  of  water's  edge  Arkansan 
shore.  Returned  to  first  station  at  which  no  velocity  was  taken,  meter  lowered  into 
wat-er  and  not  taken  up  until  remaining  stations  had  been  occupied  for  velocity, 
the  after  boom  being  swung  straight  behind,  and  drift  had  to  be  very  bad  indeed  to 
cause  any  trouble.  At  this  the  cliief  of  party  would  leave  the  wheel  to  the  leads- 
man and  stand  on  the  starboard  side  of  the  engines  and  give  his  attention  to  the  po- 
sition of  the  launch  as  held  on  the  station  by  the  engines  and  the  rudder. 
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By  this  method  the  party  could  do  the  work,  if  neeeAsarv,  with  one  less  m«i  and 
save  one-hali'  hour  in  time.  After  the  velocities  were  all  taken  the  gauge  was  read  as 
before,  lead  line  tested,  and  meter  whirled. 

•  •  •  •  •  '         •  • 

The  length  of  an  obserration  for  velocity  was  generally  150  secondB,  unless  the 
engineer  shonld  not  be  exactly  on  range;  th^n  the  observations  would  be  continued, 
or  in  case  of  whirls  or  other  irregularities  it  was  thought  best  to  lengthen  it. 

A  tabic  was  conHtructed  from  the  met«r  rating  taken  at  Amelia  in  October,  1888, 
from  which  all  velocities  were  t^en  out  during  the  season's  work. 

The  constants  used  were  a  =  3.78,  5  =  0.17,  while  the  values  as  used  in  the  final 
computation*  were,  a  =  3.87,  6  =  0.27,  taken  from  meter  rating  No.  3,  December  30, 
1888,  at  Helena,  Ark.    The  other  ratings  taken  at  Helena  were  of  no  value. 

In  the  final  computation  the  discharge  section  has  been  divided  into  13  partial 
sections,  each  400  feet  in  width,  except  the  ones  at  each  end;  each  even  station  be- 
ing at  the  dividing  line  of  two  sections  and  each  odd  station  in  the  center  of  a  sec- 
tion. 

Capt.  Smith  S.  Leacu, 

Carp»  of  Engineers,  U,  8.  A, 


EXTRACTS  FROM  REPORT  OF  MR.  WILLIAM  OERia,  ASSISTANT  ENGINEER,  UPON  OF- 
FICE REDUCTION  OF  DISCHARGE  OBSERVATIONS,  MISSISSIPPI  RIVER,  AT  HELENA, 
ARKANSAS,  1888-'89. 

Memphis,  Tenn.,  Fehmary  SO,  1890, 

The  coefficients  to  be  used  in  reducing  the  registrations  of  the  meter  to  velocity  in 
feet  per  second  were  determined  by  causing  the  meter  to  move  thronsh  still  water, 
over  a  known  distance,  at  various  velocities,  the  time  and  number  of  registrations 
being  noted. 

The  rating  observations  f  were  reduced  by  the  method  of  least  squares.  •  •  • 
In  the  final  reduction  the  widths  wore  calculated  and  the  sounding  plotted  on  cross- 
section  sheets,  as  were  also  the  velocities.  The  total  area  was  divided  into  partial 
areas,  and  these  were  calculated  by  counting  the  squares,  and  were  multiplied  by 
the  mean  velocities  of  the  partial  areas  which  were  taken  from  the  cross-section 
sheets.  The  product  was  the  partial  discharge,  and  the  sum  of  the  partial  discharges 
gave  the  total  discharge,  and  this  divided  by  the  total  area  gave  tJie  mean  velocity 
The  counting  of  the  registrations  was  done  in  the  field  and  checked.  The  results  of 
computation  were  coxiied  in  a  tabular  form  accompanying  this  report  and  also  into 
the  note  books.  The  gauge  readings  correspond  to  the  mean  time  of  observation. 
The.i^ange  was  read  at  the  beginning  and  ending  of  the  day's  work.  The  rise  or 
fall  tor  24  hours  is  the  difference  in  the  mean  gauge  reading  for  that  day  and  the 
preceding  one. 

The  computation  of  datum  areas  has  been  made  in  the  following^  manner :  The 
datum  was  assumed  to  correspond  to  the  gauge  reading  of  32.82  teet;  the  datum 
width  was  taken  as  4,818  feet,  that  being  the  measured  width  and  gauge  reading  on 
March  2,  1889.  The  slope  of  the  banks  down  to  21  feet  on  gauge  was  uniform;  also, 
Irom  21  to  19  feet,  from  19  to  13  feet,  and  below  13  feet,  and  uie  datum  areas  have 
been  computed  by  the  formula : 

4818 -fir 
Datum  area  =  (32.32  —  h)  g +  water  area,  where  k  =  gauge  and  w  =  width. 

The  formula  between  21  and  19  feet  on  gauge  becomes — 

Datum  area  =  (32.32  —  21.00)  ^^^^  +  ^'^^  ^  (21.00  —  h)  ^^i^+  water  area 

4700 -l-tc 
=  53872  +  (21.00  —  h)  —^^ \-  water  area^ 

in  which  4,700  feet  is  the  width  for  21-foot  stage. 

*  See  Mr.  Gerig's  report  herewith. 

t  For  date  of  observations,  etc.,  see  Mr.  SturtevanVs  report  herewith. 
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For  Btages  between  19  and  13  feet — 

^  ^  iroo««  .  ,«.      ^^,4700  4-3392  .   ,^^      ^,  33924-w  . 

Datum  area =53872  +  (21  — 19) ^ h  (19  —  h) ^^-  +  water  area 

3392  +  to 
=  61964  4-  (19 — h)       2        "^  ^^^^  "■*•» 

in  which  3,392  feet  in  the  width  at  19-foot  stage. 
For  stages  below  13  feet  the  formula  becomes — 

3392  +  2705  2705  +  w 

Datum  area  =  61964  +  (19  — 13) ^ 4-  (13  —  fc)        ^        +  ^**«'  "«* 

=  80255+  (13— A)-^^^^  -f  water  area, 

in  which  2,706  feet  is  the  width  at  13-foot  sta^e*. 

The  mean  depth  has  been  obtained  by  dividing  the  water  area  by  the  width,  and 
the  mean  datum  depth  has  been  obtained  by  dividing  the  datum  area  by  the  datum 
width.  Maximum  aepth  was  taken  directly  from  the  notes.  Scour  or  fill  has  been 
obtained  by  taking  the  difference  of  the  datum  areas,  scour  indicated  by  the  posi- 
tiTe  sign.  The  direction  of  the  wind  is  indicated  by  dividing  the  horizon  into  12 
parts  and  numbering  the  parts  the  same  as  the  hours  on  a  clock  dial,  ^TT  being  up- 
stream and  indicating  a  downstream  wind. 

The  entire  work  has  been  checked  in  various  ways  and  great  care  has  been  taken 
to  eliminate  all  errors  of  computation. 

^  •  •  #  •  •  • 

Capt.  Smith  S.  Lkach, 

Corps  of  Enginters,  U,  8,  A» 
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3512      EEPORT   OF   THE   CHIEF   OP   ENGINEERS,  U.  S.  ARMY. 

BfEMORANDA  TO  ACCOMPANY  TABULATED  RESULTS  OF  FINAL  REDUCTION  IN  SECRE- 
TARY'S OFFICE;  MISSISSIPPI  RIVER  COMMISSION,  OF  DISCHARGE  OBSERVATIONS,  MIS- 
618SIPPI  RIVER,  AT  WARRENTON,  MISSISSIPPI,  1889.  * 

The  discharge  section  was  located  by  Mr.  John  Ewens,  assistant  engineeri  Jan- 
nary  31,  1889,  and  the  discharge  observations  were  made  by  Mr.  Thomas  Dailey. 

A  sketch  received,  with  copy  of  field  notes,  shows  the  section  to  have  been  2,800 
feet  downstream  from  the  landing  at  Warren  ton,  and  apparently  abont  *2Q0  feet 
above  the  upper  discharge  section  of  1885  and  oblique  to  it.  A  local  gauge  was  es- 
tablished, and  is  shown  on  the  left  bank  at  the  mouth  of  a  bayou  about  1,200  feet 
upstream  from  the  discharge  section,  and  is  stated  to  have  been  set  at  precisely  the 
same  reading  as  the  gauge  i^  Vioksbnrg,  February  11, 1889,  at  11  a.  m.,  viz,  32.85  feet. 

Mr.  Ewens  reports,  referring  to  this  local  gauge,  **  A  temporary  bench  was  estab- 
lished from  this  forruture  re^rence.  There  was  no  data  at  hand  for  direct  connec- 
tion with  survey  Mississippi  River.'' 

Datum  line  in  the  tabulation  is  taken  at  33.50  feet  on  the  local  gauge.  Datum 
width  is  3,470  feet.  The  datum  areas  were  computed  from  readings  of  this  gauge, 
except  for  May  29  and  31,  when  it  was  disturbed  and  the  Vicksburg  gauge  readings 
were  used.  Up  to  that  time  the  readings  on  both  gauges  agreed' closely.  The  zero 
of  the  Vicksburg  gauge  is  66.04  feet  above  the  Cairo  datum  plane,  survey  Missis- 
sippi River. 

The  sounding  and  velocity*  stations  were  coincident,  and  were  located  bv  means 
of  fixed  signals  on  the  left  bank.  The  distance  between  stations  was  mainly  abont 
150  feet.  At  stations  nearest  the  right  bank  velocity  observations  were  omitted  {br 
a  lar^e  number  of  days,  the  number  of  omitted  stations  varying  from  1  to  6,  in- 
creasmg  as  the  river  fell.  It  is  stated  that  owing  to  low  water  the  launch  could 
not  reach  the  stations.  The  soundings  at  the  omitted  stations  were  from  1  to  16 
feet. 

The  velocities  adopted  for  these  stations  were  obtained  by  using  as  a  correction 
the  mean  difference  between  each  station  and  the  preceding  station,  derived  from 
days  on  which  both  stations  were  observed ;  but  at  stations  23  and  24  no  velocities 
had  been  observed,  and  the  mean  from  curves  of  March  12  and  14  produced  were 
adopted,  velocities  at  stations  22  or  21  having  been  observed  only  on  those  dates. 

The  Price  current  meter  No.  22  was  used  in  measuring  all  velocities  at  this  station 
during  the  season :  the  notes  of  two  sets  of  rating  observations  were  received,  and 
•  the  results  derived  from  reduction  in  this  office  by  the  usual  method  are  given  in  the 
subjoined  table : 


I 


Designation 
of  meter. 

Date  and  locality  of  rating 
observaUona. 

No.  of 
obaer- 
vations. 

a 

b 

Mean  er- 
ror of 

observa- 
tion. 

J- 0.127 
±0.059 

Mean  er- 
ror of 
a 

Mnan  er- 
ror of 
b 

Fnce  meter  C 
Xo.  22.       { 

February  26, 1889,  not  stated . 
April?,  1889,  Centennial  Lake 

*8 
*8 

4.0226 
3.8934 

-+0.2911 
-t-0. 31698 

J:  0.064 
±0.30 

±0.088 
±0.046 

*  hi  running  water. 

The  above  results  were  combined,  giviug  wtnght  to  the  values  of  a  and  h  inversely 
as  the  squares  of  their  mean  errors  in  the  two  senes  and  the  resulting  equation, 
y=  3.917  X  -f-  0.3114,  was  used  in  computing  all  the  diHoharges. 

The  time  meter  was  run  at  each  velocity  station  varied  from  1  to  6  minutes,  but 
was  u8uaUy5  minutes.  • 

The  observer  reports  that  on  April  20  the  vane  was  broken  oflf  of  the  meter,  and 
when  soldered  on  again  it  was  not  exactly  in  line  with  the  meter  wheel  |  on  May  8 
a  re-rating  of  the  meter  was  made,  the  notes  of  which  have  not  been  received.  The 
ratings  of  February  26  and  April  7  only  were  used,  the  district  engineer  in  charge  of 
the  field  work  having  so  rocommendi'd,  since  the  rate  of  the  meter  was  believed  not 
to  have  been  changed  and  the  obHcrvations  for  a  re-rating  were  unskillfully  made. 

In  computing  the  discharges  of  this  series,  since  the  sounding  and  velocity  Htations 
were  coincident,  the  mean  of  the  velocities  observed  or  adopted  at  two  consecutive 
stations  was  taken  and  applied  to  the  area  between  them.  To  make  this  result  agree 
more  closely  with  that  which  would  have  been  obtained  by  using  the  prismoidal 
formula,  an  approximate  correction  was  computed  and  applied  for  each  day ;  this  cor- 
rection varied  from  0  to  +  240  cubic  feet. 

The  other  quantities  tabulated  have  been  found  in  the  usual  manner  as  described 
in  previous  office  reports. 

A  plate  has  been  prepared  showing  the  mean  velocities,  areas,  and  discharges 
plotted  to  gauge  heights  and  the  gauge  readings  and  datum  areas  in  chronological 
order,  also  two  cross-section  profiles  of  the  river. 

Officu  Secretary  Mississippi  RivER  CoMMissioN, 

September,  1890. 
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3516      REPORT   OF   THE    CHIEF   OF   ENGINEERS,  U.  S.  ARMY. 

MEMORANDA  TO  ACCOMPANY  TABULATED  RESULTS  OF  FINAL  REDUCTION  IN  SECRE- 
TARY'S OFFICE,  MI8SL»*SIPPI  RIVER  COMMISSION,  OF  DISCHARGE  OBSERVATIONS, 
MISSISSIPPI  RIVER,  AT  RED  RIVKR  LANDING,  OLD  RIVER  BELOW  TURNBULL  ISLAND, 
AND  ATCHAFALATA  RIVER  AT  SIMMSPORT,   1889. 

The  observations  were  made  under  direction  of  the  fourth  district  engineer  by 
Mr.  J.  F.  Coleman. 

The  location  of  the  Red  River  Landing  discharge  section  was  the  same  as  that  of 
1884-*85,  which  is  100  feet  below  the  section  used  in  1881-'82. 

The  sounding  and  velocity  stations  were  coincident,  and  were  located  by  means 
of  fixed  signals  on  shore.  The  distance  between  stations  varied  from  80  to  172  feet, 
but  acroRS  the  greater  part  of  the  river  was  about  170  feet. 

On  and  after  January  27  velocity  stations  were  omitted  at  every  other  station  over 
a  large  part  of  the  river^  and  sometimes  at  two  adjacent  stations.  Velocities  foi 
these  omitted  stations  were  interpolated  for  the  computation  from  the  nearest  sta- 
tions at  which  velocities  had  been  observed. 

On  May  18  and  15  an  upstream  eddy  is  noted  at  first  station  from  the  right  bank, 
and  since  the  velocity  is  not  afterwards  recorded  at  this  station,  it. is  assumed  as 
zero  in  the  conmutation  of  discharge  on  and  after  May  13. 

The  length  of  time  that  the  velocity  was  observed  at  a  station  varied  fVom  1  to  6 
minutes,  but  was  generally  5  minutes. 

The  gauge  (Red  River  Landing)  was  read  at  8  a.  m.  and  4  p.  m.,  and  the  mean 
(except  in  three  cases  where  a  single  reading  is  taken)  is  given  in  the  tabulation 
and  was  used  in  computing  datum  areas. 

The  datum  line  is  taken  at  48.50  feet  on  the  gauge,  that  being  the  higli-water 
reading  of  1882,  and  is  the  same  datum  as  used  in  the  two  other  KcricH  of  diHcharge 
observations  at  this  station. 

Datum  widths  and  corrcs]>onding  gauge  heights  used  in  computing  datum  areas 
are:  Datum  width,  3,918  feet  at  48.50  feet,  3,888  feet  at  34  feet,  and  3,800 feet  at  24 
feet. 

The  Price  current  meter  No.  23  was  used  throughout  the  season  at  this  section; 
also  in  the  Old  and  Atchafalaya  rivers.  The  notes  of  only  one  set  of  rating  obser- 
vntions  have  been  received,  and  the  results  derived  from  reduction  in  tluH  oftice  by 
the  UHUal  method  are  as  follows,  and  have  been  used  in  computing  the  discharges  at 
the  three  stations : 


Designatioii  of 
meter. 

Date  and  locality  of 
ratiiig  observati'oDH. 

No.  of 

ohner- 

vutiuDS. 

a 

h 

Mean 
error  of 
obnerva- 

tion. 

Mean 
error  of 

a 

Mean 

error  of 

h 

Price  meter  Xo.  23. . . 

Febmary  26, 1889 

*14 

4.1091 

■Y  0.298 

dr  0.089 

db  0.034 

:t  0.047 

*  In  rnnning  water. 

The  observer  frequently  tested  the  action  of  the  meter  by  noting  the  number  of 
registrations  it  would  make  after  turning  the  wheel  bTiskly  witli  the  hand,  and 
Rtatcs  that  the  rate  thus  indicated  was  practically  constant. 

The  computations  of  the  discharges  were  made  in  the  same  manner  as  for  Warren- 
ton,  described  on  page  3512;  the  corrections  applied  to  the  computed  results  are: 

MiHHiRHippi  River,  0  to  -f  1,090  cubic  feet. 

Old  River,  0  to  +  90  cubic  feet. 

Atchafalaya  River,  0  to  +  *00  cubic  feet,  except  1  day  900  cubic  feet. 

Tlie  discharge  section  in  Old  River  is  about  1,500  feet  below  the  foot  of  Tumbnll 
iHlaud  and  about  500  feet  above  the  discharge  section  of  1884-85. 

The  sounding  and  velocity  stations  were  coincident  and  were  located  by  means  of 
fixed  signals  on  shore:  the  distance  between  stations  varied  from  60  to  90  feet. 
Datum  line  is  taken  at  33.85  feet  on  the  Red  River  Landing  |?auge.  The  methods  of 
reduction  are  the  same  as  those  used  for  the  Red  River  Landing  section.  The  length 
of  time  velocity  was  observed  at  each  station  varied  f^om  2  to  5  minutes,  but  was 
generally  2  minutes. 

The  discharge  section  in  the  Atchafalaya  River  is  at  Simmsport.  The  velocity  and 
sounding  stations  were  coincident  and  were  located  by  means  of  fixed  signals  on 
shore ;  the  distance  betw^een  stations  varied  from  64  to  139  feet.  Velocity  observa- 
tions at  the  first  and  last  stations  were  omitted  on  several  days;  probable  values  for 
these,  derived  from  observations  of  other  days,  were  adopted  in  the  computation. 
The  notes  state  that  when  the  velocity  of  the  nver  is  low  and  there  is  much  wind, 
as  was  the  case  January  21,  that  the  launch  was  almost  unmanageable,  and  in  con- 
sequence the  observations  for  such  days  were  not  very  accurate ;  throughout  the  sea 
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son  it  is  noted  several  times  that  owing  to  strong  upstream  wind  no  observations 
could  be  made. 

The  length  of  time  velocity  was  observed  at  each  station  varied  from  1  to  5  min- 
utes, but  was  generally  2  minutes. 

The  methods  of  reduction  are  the  same  as  those  used  for  the  Red  River  Landing 
section.  The  Simmsport  gauge  was  read  apparently  at  the  time  of  discharge  obser- 
vations ;  these  readings  are  given  in  the  tabulation  and  are  used  in  computing  datum 
areas.  The  zero  of  this  ^auge  is  reported  to  bo  24.17  feet  above  the  Cairo  datum 
plane,  survey  Mississippi  River,  but  is  to  be  again  connected  with  that  datum. 

The  datum  line  is  taken  at  32.30  feet  on  the  Simmespdrt  gauge,  and  datum  width 
at  885  feet.  In  computing  datum  areas  from  April  |6  the  width  for  27.40  feet  on  the 
gauge  is  taken  at  800  feet. 

The  results  of  the  Red  River  Landing  section  are  shown  on  a  plate  arranged  in  the 
usual  way,  the  mean  velocities,  areas,  and  discharges  plotted  to  gauge  heights,  and 
the  datum  areas  and  gauge  readings  in  chronological  order;  also  two  cross-section 
profiles  of  the  river. 

Offick  Secrktajiy  Mississippi  River  Commission, 

September,  1890, 
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MEMORANDA  TO  ACCOMPANY  TABULATED  RESULTS  OF  FINAL  REDUCTION  IN  SECRE- 
TARY'S OFFICE;  MISSISSIPPI  RIVER  COMMISSION,  OF  DISCHARGE  OBSERVATIONS, 
MISSISSIPPI  RIVER,  AT  CARROLLTON,  LOUISIANA,   1889. 

The  observatioiiB  comprise  a  high-water  set  and  a  low-water  set  at  the  same  sec- 
tion, and  were  made  nuder  direction  of  the  fourth  district  engineer  by  Mi,  L.  Le 
Sassier  and  Mr.  B.  J.  Oliveira. 

The  discharge  section  is  shown  to  be  at  the  same  place  as  the  discharge  section  of 
1883,  but  slightly  oblique  to  it.    The  discharge  section  of  1884  and  1^  is  about . 
1,500  feet  below  that  place. 

The  sounding  and  velocity  stations  were  coincident  and  were  located  by  means  af 
fixed  signals  on  shore;  there  were  17  stations  in  the  high-water  set;  in  the  low- water 
set  the  number  were  reduced  to  13  by  omitting  stations  2.  4.  5,  and  8. 

The  intervals  between  stations  ranged  from  30  to. 280  feet  and  30  to  285  feet, 
respectively,  in  the  two  sets. 

On  27  days  velocities  were  observed  but  no  soundings  taken,  and  for  those  days* 
soundings  were  interpolated  from  the  two  nearest  days  on  which  soundings  were 
observed,  proportional  to  time  and  with  proper  correction  for  change  of  stage. 

The  lenc^th  of  time  velocity  was  observed  at  each  station  was  generally  2  minutes, 
but  varied  from  1  to  6  minutes. 

The  Price  current  meter  No.  25  was  used  for  measuring  all  the  velocities;  it  is  re- 
ported that  the  meter  was  rated  during  the  high-water  series  and  again  at  the  dose 
of  the  low  water  series;  the  computed  values  of  *x  and  ty  from  the  latter  set  of  rat- 
ing observations  have  been  received  and  are  reduced  by  the  usual  method;  the  re- 
sulting values  of  the  constants,  as  given  in  the  following  table,  have  been  used  in 
reducing  all  the  discharges. 


Designation 
of  meter. 

Date  and  locality  of  rating  obaer- 
vatlona. 

a 

b 

Mean 
error  of 
observa- 
tion. 

Kean  er- 
ror of  a 

Meaner- 
rorof  d 

Pricemeter 
iro.25. 

December  18, 1889,  near  Carroll- 
ton,  La. 

6 

8.99 

4-0.895 

±0.118 

i-0.081 

±0.103 

The  regular  Carrollton  gauge  was  read  at  about  10  a.  m.  and  these  readings  are 
given  in  the  tabulation  and  used  in  computing  datum  areas.  The  zero  of  the  gauge 
IS  20.91  feet  above  the  Cairo  datum  plane,  survey  Mississippi  River. 

The  datum  line  is  taken  at  13.54  feet  on  the  gauge,  that  being  the  assumed  datum 
for  the  1883  series ;  this  was  also  datum  line  of  1884-'85  series. 

Datum  width  for  the  high- water  period  is  taken  at  2,400  feet  and  for  the  low- water 
neriod  at  2,450  feet ;  for  the  latter  period  the  widths  corresponding  to  7.60  and  5.30 
feet  on  the  gauge  are  taken  at  2,399  and  2,347  feet,  respectively. 

The  discharges  were  computed  in  the  same  manner  as  for  Warrenton,  described  on 
page  3512;  the  corrections  applied  to  the  computed  results  vary  from  0  to -f- 785 
cubic  *feet. 

A  plate  has  been  prepared  showing  mean  velocities,  areas  and  discharges  plotted 
to  gauge  heiffhts,  and  the  datum  areas  and  gauge  readings  to  time  abscissas ;  no 
areas  derived  from  interpolated  soundings  are  pK>tted.  Two  cross-section  profiles 
are  also  shown  on  the  plate. 

Office  Secretary  Mississippi  River  Commission, 

S^tember,  1890, 


''Registrations  per  second. 


t  Velocity  in  feet  per  second. 


APPENDIX  Z  Z ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.      3523 


O  93  5 

•5  •  9 


r^t-      t- 1- r- 1- 1- t-    -t-t- 


r-«  l-(  iH  i-H  r-«      -iHf-l      '  r-t      '  r-l      •  iH 


2 


29 


IS 

o 


1: 


&, 


o 


'8 

OB 


S 


E 


So 


111 

o  : 


B 


§  «5  :  •  :  :  3 

Ci  r  9}    •  «    •     'CD 
^  V  9  a  V  a    '  ^  «    ' 


to 


s 

■5 

o 

00 

«M 

M 

a 

O 

1 

.23 

^ 

vO» 

t^ 

(S 


t«9C9l 


\m 


Q0( 

is; 


001 

!S; 


I  o 


T-iC4t«CD«t5o?>3«DaO< 


9)  to  in  «o  o  t>  u::  I 

82  fi  1-1  O  00  QC 


o 


CQ  n  00  CO  CO  CO  60  CO  CO  CO 


<^ 


%«.    •      •    .     » 


rlrHW 


'♦WMeOrHi-ICIi-HT-lrH 


'S'MI  +  l-H-l  +  llll-f+ll  +  M     M  +  l  +  M  +  l  I++++ 


3 

1 

J3 

9 

o 

s 

« 

? 

Q 


^•McococococoaoCoeikcccoconcococonconco      eocococococococococoe*scoeocQ 


I' 


«OiHiHoeo^^ob>-«o-4<«H(0oot«o     ooioc«i>aoooooiae<iecoo 

«>»«(.»  AaBt«AOe«lkO-«  CO  rHrHC^MeOtOOiH        OeOrHrH^OOOODOOaCpttOgp 
*0000©0©»HiH.-|iHi^^^i-H.-«i-li-Hi-HiH        rHrHf-I^OOnOOOOOOO 


^1 


94-4it>aoaOr^eot*t<-«DiH<D«ot«ao«Dcoao-4<?4      «D-^-4<'^-^eorHOaDOOioebeo 


S 


a»f-<iQO«ocDr-iao-^ria»«DtHcieoiAeo'-4mrHt«     o»iA'^oa»«Deo«Dcx>a»o»t«cio 
W-^-^CJcoco'^totPC-^tetdcDiAiAiAidiriinin'^i      «ofoeoeoj*eoc4e»5C<i--c4co'^io 

1% 


■^1 


o  ei  M 

eo-^A 


S  S  00  fH  00 1>  9 1-4 1«  00  lA  CO  i-i  00  o  e^  _ 
p/aQOQwSSaoaoSoo  oSaoSSoSSSooSSoq 

,gS-l  rt  iH  i-t  iH  lH  iH  iH  T-riH  i-lT-«iHiH»-l|Hi-<THi-t»^ 


00  00  00  •— •  CO  < 


■  ®  lO  ^eo  o  eo 
'  oD  o  «p  ^ 


oO( 


A  com  in  < 


aoa6ooaoao»ooaoaot->Soa2ocQO 

fHtHi-lrHr^r^t-1i-irHrHi>-|f-irHtH 


I 


a 

I 


SliJ 


HeoSS^^SmSoooSiHeoSmSeo^ioS  t-SSSSStHS^Aeocoi^S 

***«D«oeq«eooooe<fi^^oododo6  00odaroo«e  j^eoco'cisoeoopo  rnqdr-ico-^f  «p 

»lt*  t»i>e»JE»t*t»oooocoaoooe'i>t-e'i^t-t-t-  t-t-i-t~t~t-i'.t-i-3i-i>t*t- 

3*9-^  l-llH^-^t-l1■^»-^^-^t-l^1l-•I-<l-lr^l-^f-4lH^-^»-^^-4  tHiH>-4i-liHr-lrHr-li-ir-lrHr-trHiH 


.5 


«0«'^eOOCOt»'*-^rHC>li-ii-n->C>JOi-li-(r-iO 
00000000000000090000 

I  I  I  I    H-+++++-H-I-+    I  I  I 


i-«eoo'#coeorHi-t,HcoiHc<ieoo'i 
oooo'o'oo'ooooooo 

II     I  I  I  I  I  I  l-H-H- 


.ODlASSSt-Of-iL'oC'OOe^C^SAiAiftiAO        r-SwSt-5cJOOO»SM-*S 

Scrfo6t^t^tie^OBC»OOrHt-JrH«Hi-JrHi-i^i-5H       OOOOkOkAOAOOOodakAOi 
iH  t-*  1-t  1-t  i-i  rH  rH  f-1  iH  »H  ?-i  tH  p^        iH  .-I  rH 


81      ;      ^      :      ^      I      ;      :      2      ■      ^      •      I-^      I-^      .*•*     •      •  •       .•^»C>M-«0 


I 


I 


4^ 

• 

a« 

o 

^ 

■q 

60 

5 

OB 

a 

t>» 

2 

•>4 

9 

V 

>■ 

,d 

f-«- 

o 

-M 

4 

^ 

1 

« 

> 

3 

^ 

(4 

a 

••rf 

o 

C8 

JA 

^ 

-*» 

^ 

3 

bO 

a 

<S 

•^- 

-d 

« 

X 

<-» 

a 

9 

*i 

^ 

CO 

♦* 

OS 

u 

V 

-4^ 

o 

• 

a 

"S 

jq 

•M 

■k» 

CA 

■M 

^ 

(^ 

d 

St 

» 

■2 

'^ 

a 

5 

■) 

p 

bo 

^ 
^ 

a 
a 

1 

es 

♦ 

9 

co 

^ 

o 

9 

.a 

H 

1 

B4 

S 

SQ 

3524      REPORT  OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 


d 
a 


S2 


IS 

o 

* 


"1; 

.2 


Si 
.5 


fHlH     •     •  iH     •  t-J     •  iH     •     •  ri     •     •  iH  i-<     •  r^  iH  iH  r-«     •?-«»-•     •  rH  (H  rH     •  i-(  »H     •  r-«     •  iH     'r^ 


.^^ 

:^ 

,53 

t; 

St;  : 

iHtHiH 

o 
o 

g 


I 


'i4lt«t«t^««e««»«D«piftiftiAt'}iAO 


I 


£ 


efl  « 


•al  ""a 


o 


a 


3 


2 


d 

8 


^  0  s  S  6 
MS  ©"a 


S  • 

n 


c  B  u  a£ 

•  r  *  5  « 


.  »-->  ^  rT     • 


t« 


3  :t3p5p 


23 


bo 

a 


C    b    ?    ^ 


^1     I 


3^ 


^Sr^rHOb-5«ia^A99<CiAinAinOaCi/)<4i'«m(O0«C4e9Scl«^-»»««A««D 


§1 


c^ 


«?■+++  1+4+1  I  +++++  I  I  I  I  +++  I  +  I  I  ++++++  I  I  M  ++  I  I 


« 


o 
d 
.2 

'i 

« 

8 


Cl4 


-a  I 


ekr-(c«oo»eeoiooiooco«oooaoooee-<«oiOOtooo-4c«OMot«-^e9oaoc«<o«D 

«S'§9SS}ga^ri5'8SSS58'5888B88'8S8SSg^^^^ 


m2 


» 


II 


^A  1^  fr^  QA  CQ  CO  t^  (^  QO  |A  ^O  40  CO  40  CO  CO  4D  ^O  CO  'O  QO  CO  CO  ^O  CO  CO  CO  CO  CO  CO  C^  r^  t^  CO  CO  CO  CO  CO  CO  ^9 


•HeQ«0  9icQiai>aoaoiAcosO'4iio-^oo>aiHeoiAOC4aoc9C«e>on9ioo»akt>««eieooe«ei 


1 35  ij2  s  i  s  «  2  ^  §  g  i  s  i  s §  g  §  g  S^g  a 2 S  3  i  s  i  i  i  §  i  R  S  ^  a  a  is 


jg%HfHiH  iHt-4iHiHfHiH«HfHt-liHiHi^r^lHfH»Hi-<rHi-lr-J.Hf-<fHiHi-(t-lrtr^iHiHi-«r^r^»-ii-|»H 


«   « 


«   *         «    « 


« 

b« 

S 

d 
S 

S3 


U 


S5.gs 


fH  r^  O  fH  iH  04 '«  O  (H  M  e«  04  O  CI  M  iH  of  Ol  O  O  Ol  CO  91  <«i  lA '^  eo  U>  ■«  <«i  CO  O  Ca  O  «H  64  fH  r-l  d 

.e>oodooe>oc»oooooooooodoodooodoooooooooood 

.$++    INI     i  I  I  I     I  i  i++       I  I  I  M  I  I  I  1  i  1     I     I  I  l  +  l 


^aadadAddAAdodt>t^t<^l>^•'t<^t^^^^^^^t^|>t^»d«'lO^■^cQeQeocom'e4e4c« 


I 


-»«»«»ssas5;aas88Ra'^«^~''^«'-«*S3asssp;S8s?is5as;a 


s 


APPENDIX  Z  Z — ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     3525 


n  C9  M  CO  99  CO  M  90  CO  60  00  CO  CO  M  CO  CO  C9C0  CO  C9  CO  CO 


00  60  COCO  60  60  COM  00  CO  M€Q  flO  CO  60  00 


CO  CO  CO  CO  00  60  60 
r^  iH  vH  fH  fH  r-(  iH 


'<6>ao5oei^^^o«eQtBAOO*«i 


«»OkOr-iri»^i^iHC9eOlOiO*OlAio6 

•       *      •       •       ■  _  >      ••••       ••«••• 


issagsi 


•       •       •      -*   _  >    .  m    _  f 

CO  CO  CO  CO  CO  CO  CO 


77+ I  I  I  I  i  I  l-H-H-f+-h+-H-l  I  I  I 

CO  60  CO  00  CO  00  09  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  00  CO  00  00  00 

ci^«c4"e4^o«cic«c4^cfe4^e<fe«icfe^e«cfc4"cfc«i'cfc<reife'i'ei' 


^lO^tDVci-^cooooooo^oeeeiooiiOMoao 


CO  1^  cft  t>  CD  o  a  CO  c«  00  CO  00  f^  o  rH  ^  o  t^  t*  o>  a  t«  «  « 


^      eo<«aora«D-<«>'«c«ee«i>i-iooocooaiH?ScQt«c)oaS 

12  ?2  Sg  S^gf  ^S2  S  ^§2  g2  ji  ?  ff  rf  e  8  8  S  g'^'^S 

«MC«Oi^iO^>-1CO»-r«<<i<<iCle4i>'«Hr-lC«iHC4iO«HOO 
OOOOOOC>009000e>OC>OC>000000 

++    +4-++++-^-+++++++++  +  + 
SS88SSSS8^8^SSSS888S9888 

o>-ir^t-«e^ic9cle4cc-^o*oiAirio««>«e>«D«>r<:i>t<^i> 


i 


I 


9  ■ 

{3= 


II 

il 


I 

Si 
IS 

'2a 


4 


^1 


3526   REPORT  OF  THE  CHIEF  OP  ENGINEERS,  IT.  8.  ARMY. 

Appendix  C  6. 

TABULATED  BS8ULT8,  WITH  FUBLD  AND    OFFICK  RBPOKT8,  OF  DIflCHABGX  MKASITSS- 
MKNTS  ON  THE  MISSISSIPPI  AND  ATCHAFALATA  RIYEBS  AND  BAYOU  LA  FOURCRK, 

'    18JK). 

[When  not  otherwise  stated,  resulU  are  derived  flnom  final  redaction  at  the  office  of  the  Secretary 

Mississippi  River  Commissiun,  ]d9U-'91.] 

CONTENTS. 


Page. 

Mississippi  Hi ver,  Wilson  Point,  La 3526 

Crevasse,  Skipwith,  Miss 3530 

Mississippi  Kiver,  New  Madrid,  Mo 3531 

Plum   Point,    Memphis 

"                                    and  Helena  (field  rep's)  3032 

Ploni  Point 3534 

Memphis,  Tenn 3635 

Ueleua,Ark 3536 

Arkansas  City,  Arlc. . . .  3537 

Warrenton.Miaa 3538 

Natchez,  Mias 3538 


(4 

il 
(» 
it 
1( 


Pa«©. 

Mississippi  River,  Baton  Ronge,  La 3KI8 
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MEMORANDA  TO  ACCOMPANY  TABULATED  RESULTS  OF  FINAL  REDUCTION  OF  DIS- 
CHARGE OBSERVATIONS  MADE  AT  WILSON  POINT,  LOUISIANA,  AND  AT  BREAK  IN 
SKIPWITH  LEVEE,   MISSISSIPPI,   1890.     MR.   F.   P.   SPALDING,   CHIEF  OF  PARTY. 

The  results  were  obtained  in  the  nsual  manner,  except  the  discharge  over  bank 
east  of  section  which  the  observer  states  ''was  obtained  by  taking  meter'  observa- 
tions and  soundings  at  approximately  equal  distances  and  averaging  them  to  give  a 
mean  velocity  and  depth.'  The  measurement  of  this  discharge  was  not  made  on  line 
of  the  section  but  in  three  separate  parts.''  The  results  of  the  overflow  discharge 
are  from  the  field  computation,  the  observation  notes  not  having  been  received. 

'For  velocity  observations  of  January  28  and  31  and  February  11  and  12  (except  at 
one  station  on  P'ebruary  11)  Price  current  meter  No.  4  was  used ;  the  field  notes 
state  that  results  of  a  rating  previously  made  at  Ash  ton  are,  y  =  1.921  x  -f-  0.321,  in 
which  y  =  velocity  in  feet  per  second  and  x  =  registrations  of  meter  per  second, 
lliese  values  for  this  meter  have  been  adopted  in  the  final  reduction. 

For  all  other  velocity  observations  Price  meter  No.  5  was  used;  three  sets  of  rating 
observations  were  made  with  this  meter  during  the  season,  the  results  of  which, 
derived  irom  final  reduction  in  this  ofilce,  are  given  in  the  following  table: 


I>esignatlon 
of  meter. 

Date  and  locality  of  rating 
observations. 

No. 
of  ob- 
serva- 
tions. 

*21 
124 
•29 

a 

3.7581 
3.7C50 
3.791 

b 

-f  0. 271 
+0.2529 
-f  0.2042 

Mean  er- 
ror of 

observa- 
tions. 

Mean  %r- 

rorof 

a 

Mean  er- 
ror of 
b 

Price   meter 
No.  5. 
Iki 

Do 

Februarys,  1890,  Duncansby, 

Miss. 
February  26,  1890,   Wilson 

Point,  La. 
April     11,      IROO,      Wilson 

Point,  La. 

±0.124 

d:0.048 
i:0.145 

±0.087 
±0.027 
±0.084 

±0.151 
±0.045 
±0.132 

*  In  still  water. 


tin  running  water. 


It  is  reported  that  this  meter  was  taken  apart  and  cleaned  on  Febmary  11 ;  there- 
fore the  results  of  the-fii*st  rating  wore  used  in  computing  discharges  to  February  11. 
For  river  discharges  after  that  date  the  equation  y  =  3.7675  x -f- 0.2479  was  used: 
this  was  obtained  by  combining  the  results  of  ratings  made  February  26  and  April 
11,  giving  weight  to  the  values  of  a  and  b  inversely  as  the  squares  of  their  mean 
errors  in  the  two  series. 

For  computing  discharges  through  the  break  in  Skipwith  levee,  since  the  veloci- 
ties were  low,  the  results  of  April  11  rating  were  used,  as  they  agree  more*closely 
with  former  ratings  of  this  meter  where  low  velocities  were  observed. 

Datum  was  assumed  at  41.83  feet  on  the  local  gauge  as  in  computation  of  previous 
Wilson  Point  discharge  measurements. 

Office  Secretary  Mississippi  River  Commission, 

May  SO,  1890. 
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EXTRACT  FROM  REPORT  OF  MR.  C.  W.  8TURTEVANT,  ASSISTANT  ENGINEER,  CHIEF  OF 
PARTY,  UPON  FIELD  WORK  OF  DISCHARGE  OBSERVATIONS,  MISSISSIPPI  RIVER,  AT 
PLUM  POINT,   MEMPHIS,  AND  HELENA,  HIGH  WATER  1890. 

^  Memphis^  Tenn.,  December^  1£,  1890. 

•  •  •  •  •  •  • 

The  party  waa  anbsiated  on  the  steamer  Abbot  and  waa  composed  of  the  following 
persona : 

One  aaaiatant  engineer  in  charge,  1  ateam  engineer,  1  ateersman,  1  leadsman,  1 
fireman,  3  deck  hands,  and  1  cook. 

The  meter  used  waa  a  Price  No.  8,  and  was  suspended  from  the  end  of  a  one-fourth 
inch  diameter  ateel  sash  cord,  whicn  was  wound  around  a  reel  and  paid  out  over  a 
pulley  on  the  end  of  a  boom  projecting  8  feet  over  the  bow  of  the  boat.  An  iusn- 
fated  return  circuit  wire  was  similarly  attached  alongside  of  the  sash  cord  and 
wound  around  the  same  reel.  As  an  85-pound  meter  weight  was  used  no  guy  lines 
were  necessary. 

Discharge  ooservations  were  taken  at  Plum  Point  until  the  river  came  to  a  stand 
at  its  highest  stage.  The  party  then  went  to  Memphis  and  took  daily  observations 
until  the  break  in  the  levee  at  Austin,  Miss.,  occurred.  The  party  measured  the  dis- 
charge tiirough  the  break,  and  then  took  observations  at  Helena  until  the  high  water 
had  fallen  several  feet. 

The  river  was  out  of  its  banks  and  the  base  lines  for  triangnlation  were  measured 
with  a  transit  and  stadia  board,  except  at  Helena  where  the  section  and  head  sig- 
nals were  the  same  as  used  by  tne  discharge  party  in  winter  of  1888  and  1889. 

The  details  of  the  field  work  of  a  discharge  observation  are  as  follows : 

The  section  sounded  and  the  position  of  the  boat  located  by  the  sextant  at  the  mo- 
ment of  crossing  the  range. 

The  boat  was  then  taken  to  the  first  velocity  observation  station,  and  the  assistant 
engineer  in  charge  taking  a  position  on  the  roof  (directly  over  the  steam  engineer  and 
the  throttle  valve)  with  the  sextant,  an  electric  bell  was  placed  on  the  bow  of  the 
boat  with  the  button  on  the  roof  near  the  assistant  engineer,  the  leadsman  attend- 
ing the  register  in  the  observation  room  at  the  bow  of  the  boat. 

When  the  boat  was  nearly  up  to  the  section  the  steersman  signaled  the  engineer  to 
slow  down  and  hold  the  range  with  the  throttle  valve,  and  at  the  moment  when  the 
throttle  valve  was  on  ran^e  the  assistant  engineer  would  signal  the  leadsmen  to 
start  or  stop  the  observation  as  the  case  might  be,  the  meter  being  lowered  six- 
tenths  of  the  depth  of  water  at  that  point,  each  observation  lasting  from  2  to  5  min- 
utes. From  twelve  to  fifteen  velocity  observations  were  taken  at  each  section  as  per 
instructions.  The  field  work  would  last  from  3  to  5  hours,  after  which  the  tape 
was  counted  and  the  observation  calculated. 

u  «  •  «  •  •  • 

Capt.   S.   W.   ROESSLER, 

Corps  of  Engineers f  U.  S,  A, 


EXTRACTS  from  REPORT  OF  MR.   LOUIS  E.  RITTER,  ASSISTANT  ENGINEER.  UPON  FIELD 
WORK  OF  DISCHARGE  OBSERVATIONS,  MISSISSIPPI  RIVER,  AT  HELENA,  ARKANSAS. 

Amelia,  Ark.,  January  18, 1891. 

•  •••••• 

I  hafve  the  honor  to  submit  the  following  report  on  the  field  work  of  the  low  water 
discharge  observations  made  at  Helena,  Ark.,  December,  1890. 

The  observations  were  made  on  a  section  about  2,300  feet  below  the  section  used 
in  1888-^89.  This  section  was  chosen  as  most  convenient  to  the  arrangement  of  the 
system  of  intersecting  ranges  used.  These  were  erected  on  the  bar  on  the  Missis- 
sippi side  of  the  river.    No  water  flowed  through  behind  the  bar. 

The  ends  of  the  section  were  marked  by  range  signals,  the  one  on  the  Arkansas 
side  called  *'A,"  the  one  on  the  bar  "B." 

The  distance  from  A  to  B  was  3,485  feet. 

A  pivot  signal  was  erected  6,447  feet  above  the  section;  a  perpendicular  from  it  to 
the  section  would  pass  through  the  point  B.  Between  the  pivot  signal  and  the 
section,  at  an  average  distance  of  1,900  feet  from  the  pivot  signsd,  the  front  signals 
were  placed,  the  ranges  formed  by  them  and  the  pivot  intersecting  the  section  a1 
intervals  of  200  feet.  The  system  of  ranges  was  laid  out  by  measuring  two  base 
lines,  one  1,000  feet  long  and  the  other  2,000  feet,  and  measuring  the  necessary 
angles. 

The  minimum  angle  for  locating  a  point  on  the  section  by  means  of  these  rangei 
was  62^  11'. 
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The  apparatus  used  for  measuring  velocities  consisted  of  Price  meter  No.  29,  a 
regiBter,  relay,  and  seven  zinc-carbon  battery  cells.  The  apparatus  was  operated 
from  the  steamer  Abbot, 

The  meter  was  attached  to  a  three-quarter  inch  iron  rod,  one  end  of  wliioh  was 
fastened  to  a  50-ponnd  lead  weight  and  the  other  end  to  a  threo-sixteeutbu  inch 
steel  sash  cord. 

At  the  bow  of  the  boat  was  a  mast  and  boom  derrick ;  the  boom  could  be  raised 
and  lowered.  At  its  lower  end  was  attached  a  reel  upon  which  were  wound  the  steel 
cord  supporting  the  meter  weight,  and  two  wires,  one  insulated,  which  made  the 
circuit  between  the  meter  and  the  rest  of  the  electrical  apparatus.  These  wires  and 
the  sash  cord  passed  over  a  pulley  at  the  upper  end  of  tne  boom,  and  down  to  the 
water. 

Three  cells  were  used  on  the  meter  circuit  and  4  on  the  rogiater  circuit.  A  relay 
connected  the  two  circuits. 

The  revolutions  of  the  meter  were  recorded  by  means  of  the  register  in  the  uHual 
manner  and  the  time  taken  with  a  clock  to  the  nearest  second.  The  duration  of  an 
observation  was  from  250  to  300  seconds. 

Soundings  were  taken  at  the  velocity  stations  and  half  way  between  them ;  that 
is,  at  intervals  of  100  feet.  Near  the  cuds  of  the  sectiou  they  were  taken  at  inter- 
vals of  50  feet.  In  taking  the  soundings  the  boat  was  put  onto  range  laterally  and 
longitudinally  b^  the  steersiuan.  An  8-pound  lead  was  used  and  a  three-eighth  iucli 
braided  cotton  hue. 

The  river  width  each  day  was  determined  by  measuring  the  distances  of  the  water 
edi;es  from  the  end  sij^als. 

In  taking  the  velocities  the  boat  was  held  on  end  laterally  by  the  steersman  and 
longitudinally  by  the  engineer  with  the  throttle.  By  an  arrangement  of  signals 
between  the  steersman,  engineer,  and  observer,  the  boat  was  always  exactly  on  range 
at  the  time  of  starting  and  stoppiug  an  observation. 

Before  and  after  takii^  a  set  of  discharge  observations  the  gauge  was  read  to  the 
nearest  hundredth  of  a  &ot,  the  lead  line  was  tested,  and  the  meter  whirled  to  note 
any  change  that  might  have  occurred. 

One  meter  rating  was  made  in  still  water  on  December  3, 1890,  and  another  in  ruu- 
oing  water  on  December  27, 1890. 

Capt.  S.  W.   ROESSLER, 

Car^s  of  JEnginetfra,  U.  3,  A, 
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Appendix  C  9. 

mSeiSSIPPI  RIVER  and  principal  TRIBUTARIRS,   BXCSFT  the   MISSOURI — HIOH  AND 
LOW  WATERS  REFERRED  TO  PRESENT  OR  MOST  REGENT  GAUGES. 

Note  A. — ^The  t  before  a  quantity  indicates  that  the  gauge  record  is  incomplete; 
and  that  it  is  possible  the  period  of  extreme  high  or  low  water  is  not  included. 

Note  B. — ^At  certain  stations  early  records  exist  which  are  not  used  in  this  table 
because  elevation  of  their  gauge  zeros  has  not  been  established  with  certainty.     ' 

mSSISSIPSI  RIVER,  HASTIKGS,  MTbTNESOTA. 
[Zero  of  gauge  approximatoly  691.30  feet  above  the  Cairo  datum  plane.] 


Highest. 

Loweat. 

Year. 

Day. 

Gauge 
reading. 

Day. 

Gauge 
reading. 

Authority. 

Ig79 

July  12-13 

JUIM^  17 

Feet. 

tl0.70 

16.80 

18.00 

18.70 

13.10 

11.20 

9.20 

10.00 

11.00 

14.30 

4.20 

6.6 

Nov.24 

Feet. 
0.70 
1.70 
3.50 
2.40 
1.00 
1.70 
1.00 
0.30 
0.10 
0.30 
-0.40 
—0,4 

IT.  S.  Engineer  gauge  records. 
Do. 

1880 

Oct.  11,14  16 

Aug.  1&-18 

Deo.  12-16 

Nov.  16-18 

AuiF.  16 

1881 

Apr.30 

Do. 

1882.... 
1883.... 
1884 

Apr.12-13 

Apr.  24-26 

May  6 

Do. 

Do. 

,  Do. 

IggH 

Apr.2S-30 

Apr.  20-21 

Apr.  18-19 

Mav  11 

Sn"6' ■*•  

Dec.  5 

Do. 

1880 

Nov.  20 

Do. 

1887.... 
1888 

Nov.28-30 

Dec.  13-14 

Do. 
Do. 

1889.... 
1890 

2£ay  21-23 

June  12-24 

Nov.  28-30 

Dec.  1 

Do. 
Do. 

[ 


MISSISSIPPI  EIVER,  WINONA,  MINNESOTA. 
[Zero  of  gauge  approximately  660.00  feet  above  the  Cairo  datum  plane.] 


1878. 
1K70. 
1880. 


1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1880. 
1890. 


July  17-18 
June  18  . . . 


1881 I  Oct.  5 


Apr.  13-14. 
Apr.  21... 
Sept.  16... 
May  1-2... 
Apr.  23... 
Apr.  20... 
May  1.8  .. 
May  25... 
JunelS^-U 


0.00 
16.87 


14.83 


11.83 

12.17 

1L33 

8.83 

10.63 

10.92 

14.92 

5.25 

8.2 


Sept.  10 

March  27 

Oct.  14 

Apr.  7 

Deo.6 

Nov. 30,  Dec}  1... 

Jan.2 

Dec.  5-6 

Nov.29 

Nov.  28-30 

Deo.  22 

Dec.  30 

Jan.  1 


to.  08 

to.  71 

1.54 


2.70 


2.42 
1.00 
1.04 
1.92 

—0.29 
0.75 
1.83 
1.33 

—0.2 


IT.  S.  Engineer  gauge  records. 

Do. 

Do. 
High  water,  U.  S.  engineer  gauge 

records. 
Low    water,    Mississippi    River 
Commission     discliarge    party 
gause  records. 
U.  S.  Engineer  gauge  records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


MISSISSIPPI  BIVBR,  PRAIRIE  DU  CHIEN,  WISCONSIN. 
[Zero  ot  gauge  approximately  624.50  feet  above  the  Cairo  datum  plane.] 


1878.. 
1870... 
1880... 
1883.. 

1882... 

1883.. 

1884. . 

1885.. 

1886.. 

1887.- 

1888... 

1880.. 

1800.. 


May  26... 
July  1-2.. 
Oct  21.... 

Apr.  10 . . . 

Apr.  26... 

Sept.  22... 

May  5-6  .. 
Apr.  27  . . . 
Apr.  23  . . . 
May  13.... 
May2»-20. 
June  27 . . . 


40.40 

tl4. 10 

19.50 

15.10 

15.80 

13.70 

11.75 
14.45 
14.25 
20.60 
7.00 
12.00 


Deo.  12 

Sept.  26-30 

Nov.  29-30 

Aug.  2a-25 

C  Oct.  1,  5,  7 \ 

>  Dec.  9-11 5 

Nov.  18-20 

CAug.  10-20 ) 

{Nov.29 5 

I)ec.6 

Nov.28 

Nov.  21 

Dec. 16 

x^ec.  ov  •..••..••.. 
Jan.  1 


XT.  S.  Engineer  gauge  records. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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MISSISSIPPI  MVER,  HAl^IBAL,  MISSOUEI. 
[Zero  of  gauge  460.72  feet  above  the  Cairo  datum  plane.] 


Highest. 

Lowest. 

Year. 

Day. 

Gauge 
reading. 

Day. 

Grange 
reading. 

Authority. 

1879 

June  3-4 

Feet. 
10.62 

18.67 

20.58 

18.42 
17.58 
18.50 
13.25 
17.08 
12.00 
21.58 
8.07 
13.50 

Dec  23 

Feet. 

0.87 

1.0d 

B.58 

1.58 

0. :» 

2.17 

0.75 

—0.67 

0.50 

0.50 

-0. 25 

—1.75 

MiOor    Mackenzie   (from    bridge 

gauge  rN^onlH). 
High   water,    Majoi*  Mackfoizie; 

low    water,   MiHaiasippi   River 

CommiBRion  diacliargpi  party. 
Major    MaekeuKie   (fn>m    bridgo 

gaug(«  records). 
IK>. 

1880 

JnlvS 

Nov.25 

1881 

Oct.  27 

Feb.  1,6 

1882 

Julv2 

Dt»c.  12 

1883 

Mav20 

l)w..22 

Do. 

1884 

Aiir.  3 

Mar.  13 

l>o. 

1885 

Mar.  16 

Dec.  10-11 

Do. 

1880... 

M»v  9 

Dec.  2-5 

I>o. 

1887 

Feb.  13 

Dec.  2-3, 22-24 

Dec.  23-24 

Do. 

1888 

May  17 

Do. 

1889 

May  30 

Doc.  6 

Jan.  9 

Do. 

1890 

Jm1y3 

Do. 

V   IM J     V   ......    ...... 

MISSISSIPPI  RIVER,  GRAFTON,  ILLINOIS. 
[Zero  of  gauge  232.72  feet  above  the  Cairo  datum  plane.] 


1879.. 
1880.. 
1881.. 
1882.. 
-1883.. 
1884.. 
1885.. 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 


July  8-9 
May  6... 
July  5-6 
June  25. 
Apr.  6-7 
Apr.  29 . 
May  15.. 
Feb.  16.. 
May  30.. 
May  31.. 
July  2... 


210.41 
214.25 
214.50 
214. 70 
212.45 
208.64 
209.83 
205.01 
213.76 
205.75 
205.75 


Dec.  24... 
Nov.  27  .. 
Jan.  30 . . . 
Deo.  14-15 
Dec.  27... 
Dec.  22... 
Dec.  16... 
Dec.  4.... 
Dec.  28-29 
Deo.  24... 
Oct.  14  . . . 
Dec.  17... 


192. 51 
193.20 
194.48 
193. 65 
193.80 
194.70 
193.20 
191.30 
191. 30 
19*^.  30 
192.25 
191.77 


TT.  S.  Engineer  gauge  records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


MISSISSIPPI  RIVER,  ST.  LOUIS,  MISSOURI. 
[Zero  of  gauge  400.23  feet  abpve  the  Cairo  datum  plane.] 


1786.. 

1826... 

1828... 

1888.. 

1843.., 
1844... 

1845... 

1846... 

1849.. 

1851... 


1852. 
1853. 
1855. 


1856. 
1858. 


Apr. 


May  28 


May  2.. 
June  28. 

June  27 . 

May  10  . 
Mar.  10 . 
June  10. 


May  20 
May  7. 


May  9. 
Jane  15 


42.0 

33.81 

S6.4 

27.0 

27.2 
41.39 

32.4 

25.0 
27.4 
36.61 

28.0 
30.0 
37.1 

27.4 

37.21 

U.  S.  Signal  Service,  on  the  aa- 
thoritv  of  Dr.  Eiigleman. 

Mfljor  Merrill  (Chief  of  Engineers* 
Report,  1872,  page  429.) 

Humphrevb  and  Abbot  Report, 
page  171  (U.  S.  Signal  Service, 
on  the  authority  of  Dr.  Engle- 
man,  makes  this  33.6.) 

U.  S.  Signal  service,  on  the  author- 
ity  of  Dr.  Engleman. 
Do. 

Major  Merrill  (Chief  of  Engineers' 
Report,  1872,  page  429.) 

U.  S,  Si^al  Service,  on  the  author- 
ity ot  Dr.  Engleman. 
Do. 
Do. 

Humphreys  and  Abbot    Report, 
page  171,  (U.  S.  Signal  Service, 
on  the  authority  of  Dr.  Engle- 
man, makes  this  27.0.) 
Do. 
Do. 

Mnjor  Merrill  (Chief  of  Engineers* 
Report,  1872,  ]^age  429.) 

U.  S.  Signal  Service,  on  the  author- 
ity ofDr.  Engleman. 

HuinphiTiys  and  Abbot  Report, 
page  171.) 


4      • 
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MISSISSIPPI  RIVER,  ST.  LOUIS,  MISSOURI-Contiimed. 
[Zero  of  gauge  400.23  above  the  Cairo  datum  plane.] 


Highest. 

Lowest. 

Year. 

Day. 

Gauge 
reading. 

Day- 

Gauge 
reading. 

Authority. 

iJBeo 

Feet. 

■N, 

Dec.  27 

Fut. 
.6 

1.33 

St.  Louis  city  gauge  records,  by 
adding  33.8  Ifeet,  cm  the  autliority 
of  Miyor  MerriU  (Chief  of  Engl- 
neers'  Report,  1872,  page  429.) 
Do. 

lg61 

Mav  15 

'  25.47 
31.45 

'18.02 
20.33 
26.81 
26. 77 
28.21 
24.19 
29.31 
28.21 
21. 82 
23.00 
25.45 
18.40 
29.80 
32.00 
26.60 
25.75 
21.15 
25.50 
33.65 
32. 39 
34.80 
28.10 
27.10 
27.00 
20.70 
29.35 
24.65 
20.60 
23.40 

Jan.  1 

1862 

Apr.  26 

Jan.  8 - 

^  AA 

Do. 

1883 

Mnr.4,9 

Be<'.  21 '        0  wi 

Do. 

1k^ 

Mav  14 

Jan. 2 1 

1.22 

Do. 

1865.... 

July  28 

Feb.  1-2 

1.19 
5.79 
1.27 
0.85 
5.61 
.5.26 
2.84 
2.50 
4.67 
2.80 
2.30 
.5.00 
6. 85 
5.65 
3.  50 
2.80 
7.55 
2.85 
4. 45 
,3.15 
2.10 
1.45 
1.02 
3.25 
2. 50 
2.95 

Do. 

1806 

Apr.25 

Dec.  21 

Do. 

1867 

Mavl 

Dec.  19 

Do. 

1868 

MaV  14-15 

Jurv24 

Jan.  14 

Do. 

am 

Jan. 2 

Do. 

1870 

Apr.  16 

Dec.  24 

Do. 

1871 

Mar.  17 

Dec.  21 

Do. 

1872 

June  12-14 

Dec.  4 

Do. 

1873. . . . 
1874 

Apr.  11 

Nov.  30-l)ec.  2  . . . . 
Deo.  31 

Do.      • 

J  un«  19-^ 

U.  S.  Engineer  gauge  records. 
Do. 

1875 

Aug.  3 

Jan.  3 

1878 

May  10 

Feb.7 

Do. 

1877 

June  14... 

Oct.  4 

Do. 

1878 

Jnuc  15 ........ 

Dec.  25 

Do. 

1879 

Jiilv3 

Deo.  26 

Do. 

1880 

July  12 

Nov.  29 

Do. 

1881 

May  6 

Feb.  .5-6 

Dec.  18 

Do. 

1882 

July  5 

Do. 

1883 

June  28 

Jan.  12 

Do. 

1H84 

Apr.9-10 

Jan.  5 ' 

Do. 

1KK5 

Jane  17........... 

Doc.  15 

Do. 

1886 

May  13 

Dec.  5 

Do. 

1887 

Apr.  3 

Dec.  27 

Do. 

18J«8 

June  4............ 

Dec.  25 

Do. 

1889 

Juno  1. - 

Feb.  26 

Do, 

1890 

July  1 

Dec  17 

Do. 

1891 

Apr.  25 

Do. 

5 

MISSISSIPPI  RIVER,  GRAND  TOWER,  ILLINOIS. 
[Zero  of  gauge  344.65  feet  above  the  Cairo  datum  plane.] 


1885... 
1886... 

1887... 
1888... 
1880... 
1890... 


June  24 

May  15 

Mar.20 

June  4-5 

June  2 

Jan.  10,  Apr.  30 


23.3 

23.5 

17.20 

24.50 

30.50 

17.00 

Dec.  18-20 
Dec.  8.... 
Dec.  31... 

Jan.  1 

Oct  ia-22 
Dec.  19-21 


U.  S.  Signal  Service  gauge  records. 
Do. 
Do. 
Do. 
Do. 
Do. 


MISSISSIPPI  RIVER,  GRAY'S  POINT,  MISSOURI. 
[Zero  of  gauge  321.28  feet  above  the  Cairo  datum  plane.] 


1879.. 
1880.. 
1881.. 
18«2.. 

1883. 

1884. 

18g5. 

1887. 
1888. 
1^9. 
1880. 
1891. 


July  5  . 
July  10 
May  8  . 
Feb.  24 


June27-2S. 


Apr.  10-11 


June  24 . . 
May  15  .. 
Mar.  10  . . 
June  4-5. 
June  2... 
Apr.6  ... 
Apr.  26.. 


23.90 
25.86 
32.96 
32.16 

34.31 

28.15 

27.35 
27.45 
22.65 
28.56 
25.80 
25.35 
23.10 


Dec.  26. 
Dec.  31. 
Jan.  1.. 
Dec.  19. 


Jan.  23-24. 


Dec.  27. 


Dec.  19.... 

Dec.  8 

Dec.  31.... 

Jan.  1 

Oct.  l»-24 . 
Dec  19-20. 


6.00 
0.91 
1.46 
3.16 

3.41 

3.60 

5.58 
3.60 
1.32 
1,00 
5.25 
4.90 


Rob  Berry,  gaugekeei)er. 

U.  S.  Kngiuecr  gauge  records. 

Do. 

Do. 
'  Hig)i-water,tr.  S.  Engineer  gauge 

riHiords. 
Low-water,     Mississippi    River 

CommiHsion  j^auge  records. 
Minsisslppi     River     Commissiozi 
gauge  records. 

Do. 

Do. 

Do. 
U.  S.  Engineer  gauge  records. 

Do. 

Do. 
Mississippi     River     Commission 
gauge  records. 


For  Cairo  see  Oliio  River. 
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MISSISSIPPI  RIVER,  BELMONT,  MISSOITRI.* 
(Zero  of  gauge  287.14  feet  abore  the  Cairo  datum  plane.] 


Highest. 

Lowest. 

Year. 

Day. 

Gange 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1880 

Feet. 
39.17 

44.80 

45.28 

46.80? 

86.10 
44.58 
43.00 
41.05 
31.41 
43.03 
41.30 

Feet. 

HU[h-wafer  mark  at  Columbus, 

Missisaippi    RiTer    Commisaion 
gauge  records  of  ColnmlRis. 

Eigh- water  mark  at  Colnmbna, 
Ky. ;    low-water,     Missisaippi 
River  Commission  gauge  recoxda. 

Mississippi     River    Commisaion 
gauge  records. 
Do. 

1882 

Felt.  20 

1883 

Feb.  26 

Sept.  30 

4.60 

• 

6.80F 

7.91 
4.40 
1.42 
1.38 
2.85 
8.70 

Feb.  22-24 

Dec.  10 

1885 

Jan.  26 

Oct.  20 

1886 

Apr.l9 

Kov.11-13 

Dec.  31 

Do. 

1887 

Mar.lO-ll 

Apr.  6  - 

Do. 

1888 

Jan.l 

Do. 

1889 

June  24 

Oct  23 

Do. 

1890 

Apr.  6 

Dec.  24-25 

Do. 

1891 

Mar.6-7 

Do. 

*  See  note  B,  jnge  3555. 

MISSISSIPPI  RIVER,  NEW  MADRID  [MORRISSON  LANDING],  MISSOURI. 
[Zero  of  gauge  275.80  feet  aboTO  the  Cairo  datum  plane.] 


1880.. 

1882.. 
1883.. 
1884.. 
1886.. 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 
1891... 


Mar.  24-25 


Feb.  23-25.. 

Jan.  26 

Apr.  20 

Mar.  11-12  . 

Apr.  6 

June  24-25. 
Mar.  15  .... 
Mar.  7-8... 


34.70 


41.50 
31.46 
40.40 
37.78 
36.00 
27.50 
38.15 
36.40 


Nov.  29-30 

Dpc.  19-20. 

Oct.  1 

Dec.  10.... 
Oct.  20-21 . 
Nov.  13  ... 
Dec.  31.... 

Jsn.2 

Oct.  2:i-25  . 
Dec.  26.... 


2.20 

8.70 
1.72 
3.90 
5.25 
1.92 
0.30 
0.10 
1.80 
7.50 


Mississippi  River 
nrage  records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Commisaion 


MISSISSIPPI  RIVER,  COTTONWOOD  POINT.  MISSOURI. 
[Zero  of  gauge  250.62  feet  above  the  Cairo  datum  plane.] 


1880. 

1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1889. 

1890. 
1891. 


Mar.  23-26 

Apr.  23-25 
Feb.  28... 
Feb.  28  ... 
Feb.  23-27 
Jan.2&-27. 
Apr.  21... 
June  25 . . . 

Mar.  15-16 
Mar.  8.... 


35.50 

35.20 

37.53 

37.85 

37.45 

31.90 

37.09 

27.60 

86.40 

35.90 

Nov.  30,  Dec.  1. 


2.10 


Jan.  8-9 

1.60 

Deo.  19-20 

Oct.  1-2 

8.60 
1.00 

Dec.  10-11 

2.70 

1 

Oct.  24-25 

.35 

Deo.  26 .,... 

6.10 

Mississippi     River    Commission 
gauge  records. 

Do. 

Do. 

Do. 

Do. 

Do. 
Hijgh-water  correspondent. 
Mississippi     River    Commission 
gauge  records. 

Do. 

Do. 


MISSISSIPPI  RIVER,  FULTON,  TENNESSEE. 
[Zero  of  gauge  228.55  feet  above  the  Cairo  datum  plane.] 


1879. . . . 

Nov.  13-15 

Nov.  1 

t2.10 
4.65 

Mississippi     River 
jrauge  records. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Commission 

1880 

Mar.  26 

34.18 
34.29 
36.00 

1881 

Apr.  26 

1882 

Mar.  1-2 

Dec.  20 

6.64 
4.68 
5.48 
6.25 
3.86 
2.22 
1.60 
2.30 
7.67 

1883 

Oct.  1-2 

1884.... 

Feb.  24  .'....'.'.'.'.'.'. 

35.70 
29.92 
35.37 
34.61 
33.61 
25.68 
34.90 
33.90 

Doc.ll 

1885.... 

Jan. 28 

Oct.  21-22 

1886.... 

Apr.22 

Nov.  14 

1887.... 

Mar.  12 

Nov.  22 

1888 

Apr.  10 

Jan.  3 

1889. . . . 

June  26 

Oct.  23 

1890. . . . 

Mar.  22 

Deo.  27-28 

1891 

Mar.  13-14 

I 
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MISSISSIPPI  RIYER,  MEMPHIS,  TENITESSEE. 
[Zero  of  gauge,  203.97  feet  aboTe  the  Cairo  datum  piano.] 


Yeor. 


1^8. 

ISU. 
1848. 


Highest. 


Day. 


1849.. 
1850.. 

1851.. 

1852. 

1858. 


1850. 
1862. 
1865. 
1867. 


Jnlj 


Feb.  8, 16.. 
Kay  14-21 


r.  11.-, 
Ai»r.  31-23 


JniieSS. 


I 


May  12-13 


1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1870. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 


Mar.  26 


ApT.24 

Mar.3 

May2 

Aug.  16-17 

A.pr.S-O 

Apr.  29 

May2 

Jan.  29 

:Mar.  24-29 

Apr.  27-28 

liUr.6-9 

Mar.  6-8 

Mar.  1-3 

Jan.  28 

Apr.28 

Mar.  9-10 

Apr.11-12 

June  26-27 

Mar.23-24,Apr.4r^ 
Mar.  10 


Gauge 
reading. 


Feet, 
32.86 

33.16 


80.86 
83.56 
33.16 
33.06 
34.16 


34.06 
34.78 
33.68 
33.95? 


31.50 
32.50 
34.00 
33.05 
34.08 
32.05 
29.10 
28.10 
33.40 
83.30 
35.15 
34.75 
84.15 
29.25 
34.80 
85.80 
84.20 
26.60 
85.60 
84.90 


tiowest. 


Day. 


Oct.20,  Kov.2,3. 


Sept.  23. 
Noi^.3-4 


Dec.  27-31, 


Oct.  24-27 


Dec.  29 

Dec.  25 

Oct  30 

Nov.16 

Jan.  27 

Dec  30 

Tan.  2 

Oct 24, Nov.  3.... 
Oct  9-12,  Nov.  11. 

Oct  31 

Sept  11-12 

Dec.  21 

Oot2 

Dec.11-12 

Oct  21-13 

Nov.l4r-16 

Nov.20-24 

Jan.4 

Oct  24-26 , 

Dec.  26-27 


Gange 
reading; 


Feet. 


L36 
3.46 
2.46 
3.46 


2.86 


—0.92 
—0.95 
1.00 
1.40 
3.20 
1.20 
0.75 
2.90 
1.05 
2.60 
2.10 
3.50 
1.90 
3.10 
4.15 
2.50 
1.20 
0.80 
1.60 
7.20 


Autbority. 


Humphreys  and  Abbot   Report, 
page  171. 
Do. 
Humphreys    and  Abbot  Report 
page  515;  deducting  1.14.    Cap- 
U&.  Wmard  (Ms.  1891). 
Humphreys   and   Abbot  Bepoi^, 
page5ld;  de<lacting  1.14.    Capo 
tain  Willard  (Ms.  1891). 
Humphreys    and   Abbot  Report> 
iMge  517;  deducting  1.14.    Cap- 
tein  Wilhird  (Ms.  1891). 
Humphreys    and  Abbot  Report, 
page  518 :  deducting  1.14.    Cap> 
tain  Willard  (Ms.  1891). 
Humphreys  and   Abbot  Report, 
imge  52^;  deducting  1.14.    Cap- 
tain  Willard  (Ms.  1891). 
Humphreys  and  Abbot  Report, 
page  532;  deducting  1.14.    C4)>- 
tain  Willard  (Ms.  1891). 
Captain  Wiling  (Ms.  1891.) 
Do. 
Do. 
Maior  Benyaurd  (Chief  of  Engi- 

neers'  Report,  1881,  page  1444.) 
V.  S.  Engineer  gauge  records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


MISSISSIPPI  RIVER,  MHOON  LANDING,  MISSISSIPPI. 
(Zero  of  gauge,  181.48  feet  above  the  Cairo  datam  plane.] 


1880.... 

86.10 

39.80 

40.20 

88.90f 

33.80 

27.70 

38.50 

35. 4f 

• 

High-water     mark,     Mississippi 
Kivor  Commission  levels. 

Siississippi    River     Commission 
gauge  records. 
Do. 

1882 

Mar.8-0 

Dec.  22 

5.90 

2.40 
2.60 

1883 

Mar.  7-8 

Oct  1-2 

1884 

Mar.5-6 

Dec  12 

Do. 

1885 

Jan.  28-29 

Do. 

1889 

vTuiie  27  -- 

Oct.  26-31 

2.20 
8.10 

Do. 

1800.... 
1891  . 

Mar.28-Apr.2 

Mar.  10-13 

Aug.  26-27 

Do. 
Do. 

L 
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MISSISSIPPI  RIVER,  HELKKA,  ARKANSAS. 
[Zero  of  j^auge,  161.08  feet  above  the  Cairo  datum  plane.] 


Voar. 


18*28. 


1844. 
1840. 
1850. 
1851. 
1858. 


1859. . . 


18G2. 

1865. 
1807. 


1871. 
1872- 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 

1889. 
1890. 
1891. 


Higliest. 


Day. 


42.21 
42.81 
42.81 
39.81 
July2-« 44.61 


Mayl 


Mar.  22 


Apr.  26 

Mar.  6 

May  11 

Apr.  12-14  . . . . 
Apr.  18-19  . . . . 
Apr.  30-M.'iY  1 

May  3-4 

Jan.  31 

Mar.  31 

May  14 

M  ar.  9 

Mar.8-9 

Mar.6 

Jan.  30 

I  Apr.  90 

Mar.  21-22  . . . . 
Apr.  14-15  . . . . 

June  28 

Mar.  29-30  .... 
Mar.  27-28  .... 


Gauge 
reading. 


Feet. 
43. 11 


43.61 


46.40 


44.40 


45.82 


Lowest. 


39.03 
40.00 
45.82 
42.40 
44.85 
41.80 
38.75 
37.25 
43.70 
43. 74 
47.20 
46.90 
47.00 
40.70 
48.10 
46.40 
42.80 
34.10 
47.72 
44.70 


Day. 

Gauge 
readiiig. 

Feet. 

, - 

Dec,  29 

1.16 

Dec.  26 

0.00 

Oct.  17, 19, 20, 22.  .. 
Nov.  16 

4.00 
3.70 

Jan.  28 

6.50 

Dec.  31 

3.00 

Jan.4 

1.70 

.■.•...•.•••.••....•'      -- - 

Nov.3 

8.10 
6.25 
8.60 
6.40 
7.25 

Sept.  15 

Dec.  22-23 

Oct.  1-2 

Dec.  18 

Oct.  23 

8.00 

Nov.  16 

3.00 

NoT.23 

0.25 

Jan.  5 

—0.20 

Oct.  26 

l.GO 

Aug.  27 

10. 02 

Authority. 


Humphreya  and  Abbot  Renort, 
page  171;  corrected  by  deuuet^ 
ing  0.39  feet.  Captaiu  Beo" 
yaurd  (Chief  of  Engineers*  Re- 
port. 1876,  page  606). 

Do. 

Do. 

Do. 

Do. 
Humphreys  and  Abbot  Report, 
page  533;  corrected  by  deduct* 
ing    0.39     feet.    Captein    Ben- 
yaurd  (Chief  of  Engineers' Re- 
port. 1876,  page  606). 
Humphreys  and   Abbot  Report, 
page  1*71;  corrected  by  deauct- 
lug    0.30    feet.     Captain    Ben- 
yaurd  (Chief  of  Eugineers'  Re- 
i)ort,  1876,  page  606). 
M^Jor    Merrill   (Chief   of  Enci- 
necrs'   Report,   1872,  page  4d2) ; 
corrected  by  addius  2.20   feet. 
Captain  Benvaurd  (Chief  of  Kn- 
giueers'  Report,  1876,  page  606). 
Mt^jor    Abbot    (Chief    of    En^- 
neers'  Report,  1869,  page  338,  aud 
1875,  page  568). 
Mi^or    Merrill    (Chief  of  En«:f- 
ueers'    Report,  1872,  page  4X2)  ; 
corrected  by  adding  2.20  feet. 
Captain  Benvaurd  (Chief  of  Kn- 
gineers'  Report,  1876,  page  600). 
r.  S.  Engineer  gauge  reooida. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

I>o. 

Do. 

Do. 

Do. 


MISSISSIPPI  RIVER,  GLENDALE,  MISSISSIPPI. 
[Zero  of  gauge,  168.07  feut  alK>vc  tlie  Cairo  datum  plane.] 


1880 I  Mar.  30- Apr.  3... 


1881.... I  May  13-15. 


37.10 
37.90 


MiflRinsippi     River    C^mmiaaion 
gaiige  records. 
Do. 


MISSISSIPPI  RIVER,  ST.  LOUIS  LANDING,  ARKANSAS. 
[Zero  of  gauge,  141.33  feet  above  the  Cairo  datum  plane.] 


1884. 


Mar.  C-7 


48.20 


Dec.  14. 


14.35? 


Mississippi     River    Commission 
gauge  records. 
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MISSISSIPPI  MVER,  StrNFLOWER  LANDING,  MISSI8SIPPL 
[Zero  of  gangOf  147.08  feet  above  the  Cairo  datum  plane.] 


Year. 


1890. 

1881. 
1888. 


1883. 

1889. 
18M. 
1801. 


Highest. 


Day. 


Mar,  lfr-11 


Jane  29 

Ifar.  30-.Apr.l. 
Mar.  28-Apr.  1. 


Gauge 
reading. 


Feet. 
40.61 

39.75 
41.65 


41.75 

33.50 
42.90 
40.90 


Lowest. 


Day. 

Gauge 
reading. 

Feet. 

l>ec.2 

7.20 

Sept.  28 

5.00 

Aug.  27 9.10 

Authority. 


High-water     mark,     Mississippi 
Kiver  Commission  levels. 
Do. 
High- water     mark,     Mississippi 
luver  Commission  levels.    Low 
water,  Mississippi  River  Com- 
mission gauge  records. 
Mississippi     Kiver    Commission 
gauge  records. 
Do. 
Do. 
Do. 


MISSISSIPPI  RIVBR,  MALONE  LANDING,  MISSISSIPPI. 
[Zero  of  gaugOf  154.96  feet  above  the  Cairo  datum  plane.] 


1880 

3L04 

30.90 
32.66 

Nov.3 

Sept.  19-20 

Dec.  24 

0.10 

-1.40 
0.09 

High-water    mark,     Mississippi 
River  Commission  levels,    l^vf 
water,  Mississippi  River  Com< 
mission  gauge  records. 

MississipiM     River     Commission 
gauge  reconls. 
Do. 

1881.... 
1882 

Mayli-15 

Feb.  28 

MISSISSIPPI  RIVER,  MOUTH  OF  WHITE  RIVER,  ARKANSAS. 
[Zero  of  gauge,  128.73  feet  above  the  Cairo  datum  plane.] 


1802 

Apr.  20 

48.2 

46.8 

M^ior  Abbot  (Chief  of  Engineers' 
Reiiort  1809,  page  336);  Miyor 
Beuyaurd  (Chief  of  Engineers' 
Report  1881,  page  1445). 

Mi^jor  MerriU  (Chief  of  Engi- 
neers' Report  1872,  page  4:^2, 
corrected  by  adding  3.2  feet) ; 
Captain  Benyaurd  (Chief  of 
Ennneers'    Report   1876,    page 

Do! 

1867..-. 

Mnf  J^^     T ,  r 

.. 

1871.... 

Dec 

1..37 
0.0 

1«72 

Apr.  30-May  1.... 

Apr.  25-26 

Apr.28 

40.20 
42.90 
46.60 

45.00 
46.70 
44.60 

Dec.  28 

U.  S.  Engineer  gauge  records. 
Do. 

1873 

1874 

Nov.  16 

2.70 

6.80 
2.90 
2.20 
2.40 
7.00 
5.50 
9.70 
6.80 
9.00 

10.00 
6.90 
3.50 
4.50 
6.10 

13.20 

High  water,  Midor  Benyaurd  (Ms. 
and  Chief  of  Engineers'  R^oort 
1876,  page  611) ;  low  water,  U.  S. 
Engineer  gauge  records. 

U.  S.  iCngineer  gauge  records. 
Do. 

1876 

Apr.  16-17 

Apr.8-15 

Jan.  28 

1876 

Dec.  20 

1877 

MAy6-6 

Jan.  8 

Do. 

18T9 

.mm^j    .»— w   .......... 

Octs  14-15 

Do. 

1880 

May  15-18 

Feb.  28 

46.55 
45.70 
48.40 
48.00 
47.90 
43.60 
48.20 
47.75 
45k  55 
37.70 
50.40 
47.72 

Nov.4 

Do. 

ivn 

Sept.  14 

Do. 

1882 

l)ec.2:i-24 

Do. 

L883 

Mar.9-12 

()ot.3 

Do. 

1884 

Mar.  7-8 

I>ec.l3 

Do. 

1885..,. 

'  Jan.  23-25 

Oct.  24 

Do. 

1886 

!  May  4 

Nov.  15-16 

Nov.2:J-24 

Jan.  5-0 

Do. 

1887.... 

1888 

Mar.23-25 

Apr.20 

Do. 
Do. 

1888.... 

Jane  29 

Oct.  27-29 

Do. 

1890.... 
1891 

Mar.31 

Apr.5 

Aug.  14-16 

Do. 
Do. 

1 
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MISSISSIPPI  BIYEB,  ARKANSAS  dXT.  ARKANSAS. 
[Z«ro  of  gauga,  116.44  feet  abovQ  the  Cairo  datum  plane.] 


HigWt. 

Lowest. 

rear. 

l)ay. 

Oange. 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1880.... 

May  20-27 

May  16-18 

Feb.  28 

Fe^. 
46.10 

44.30 
47.10 
46.35 
46.50 
42.60 
46.00 
46.65 
45.38 
36.30 
49.50 
4&40 

Xoy.4 

Fett, 
5.90 

1.80 
7.60 
4.20 
7.30 
7.70 
3.00 
0.30 
1.70 
2.30 
10.50 

MiftAiftslppl     River    CommiMion 
gHnge  reoorda. 
Do. 

1881.... 

Jan.  14 - 

1882 

Dec.  23-24 

Do. 

1883.... 

Mar.  11 

Oct  3-4 

Do. 

1884 

Mar.  7-8 

Sept  20 

Do. 

1885 

Mav7-4) 

Oct  24-25 

Do. 

1886 

May  4-^ 

Nov.  16-18 

NoT.24-25 

Jan.  6-7 

Do. 

1887.... 

Mar.25-27 

Apr.  21-22 

June  30-Jaly  1 

Mar.27 

Do. 
Do. 

1880 

Oct.  28-30 

Do. 

IgflO 

Aug.  16-17 

Do. 

1891 

ADr.3-7 

Do. 

MISSISSIPPI  RIYER,  GREENVILLE,  MISSISSIPPI. 
[Zero  of  gauge,  108  feet  above  the  Cairo  datum  plane.] 


1844. 

1858. 
1867. 
1882. 

1883. 

1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1881. 


Feb.  27. 


Mar.  0-13. 
Mar.  7-8.. 
May7-«... 
May  6.... 
Mar.  21-26 
Apr.  21-23 
Julyl---. 
Mar.  17-18 
Apr..2-3  .. 


42.16 

43.00 
30.92 
41.68 

40.40 
41.10 
88.05 
41.20 
40.80 
40.56 
31.85 
43.46 
43.25 


DiH}.  23-24 

7.86 

Oot4 

5.60 

Deo.  14 

7.80 

Oot25 

8.30 

Nov.15-17 

Nov.2^24 

Jan.  6-7 

4.20 
1.86 
2.60 

Oot  28-20 

8.16 

Aug.  15-17 

10.00 

High-water     mark,     MiesiitHippi 
River  Commiasion  levela. 

Do. 

Do. 
Miaaisaippi     River    Commiaaion 
gauge  reoorda. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


MISSISSIPPI  RIVER,  REFUGE,  MISSISSIPPL 
[Zero  of  gauge,  102.79  feet  above  the  Cairo  datum  plane.] 


1880.. 
1881.. 


Mar.  23-27 
May  17-19 


Miflaisaippi    River    CommiiBion 
gauge  records. 
Do. 


MISSISSIPPI  RIVER,  WILSON  POINT,  LOUISIANA. 
[Zero  of  gauge,  93.45  feet  above  the  Cairo  datum  plane.] 


1884....   Mar.23 


Mississippi     River     Commissio- 
gauge  record. 


f 
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MISSISSIPPI  BIVBR,  LAKE  PEOVIDENCE,  LOUISIANA. 
[Zeoro  of  gauge  89.62  feet  above  the  Cairo  datum  plane.] 


Highest. 

Lowest. 

Tew. 

Dfcy. 

Gauge 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1802.... 

Feet, 
40.87 

39.99 

Feet. 

Mi^orMerriU  (Chief  of  Engineers' 
Keport,  1872,  page  432^ 

MfOor  Merrill  (Chief  of  Engineers' 
Eeport,  1872.  pace  432.  (A  high- 
watermark,  levelB  of  Mississippi 
Biver  Ommission,  mokes  toils 
39.31.) 

U.  S  Engineer  gange  records. 
Do. 

vm  ... 

18T1 

Dec.  31 

m 

—2.60 
—•J.  86 
0.91 
0.95 
5.90 
1.25 
1.25 
3.75 
0.55 
5.20 
3.00 
5.90 
4.20 
6.56 
6.40 
2.55 
1.52 
2.08 
2.80 
8.50 

1872 

Mayl 

May  28 

35.16 
36.12 
37.37 
37.29 
37.96 
35.82 
35.80 
36.00 
38.06 
36.17 
38.32 
36.47 
38.40 
35.55 
37.91 
38.01 
38.10 
29.40 
41.05 
4L00 

Dec.  29 

lg73 

Not.  4 

Do. 

1874 

l£ar.21-^ 

Apr.  19-20 

Apr.  12-14 

Mayfi-l 

Nov.  16 

Do. 

M75 

Nov.12 

Do. 

1876.... 

Dec.  31 

Do. 

1877.... 

Jan. 1-3 

Do, 

1878.... 
1879 

Mjur.22-24 

Feb.  14-16 

Oct.  27-28,  Nov.  5-6 
Oct.  16-17 

Do. 
Do. 

1880 

Apr.  3 

Nov.3 

Do. 

1881 

Mar.ll 

Sept  14-19 

Dec.  25 

Do. 

188S 

Mar.  20 

Do. 

1883.... 

Mar.  11-14 

MiKr.S3.S4  - 

Oct.  2 

Do. 

W84   - 

Dec.  15 

Do. 

1885 '  MavlO-11 

Oct.  26 

Do. 

1888.... 
1887.... 
1888.... 
1889.... 
1890.... 

May  7 

Nov.  19 

Do. 

Mar.20 

Nov.22-24 

Jan.  7-8 

Do. 

1  Apr.24-25 

:  Jmy  1-2 

Do. 

Oct.  29-30 

Do. 

M«r  1?> 

Aue.l7 

Do. 

1891.... 

Apr.  1-4 

Do. 

1 

MISSISSIPPI  KIVER,  HAY'S  LANDING,  MISSISSIPPI. 
(Zero  of  gauge  86.05  feot  above  the  Cairo  datum  plane.] 


1882. 
1884. 


I 


Mar.20. 
Mar.  24. 


38.60 

88.72     Dec.  14. 


2.72 


Mississippi    Hiver     Commission 
gauge  records. 
Do. 


MISSISSIPPI  RIVER,  VICKSBURG,  MISSISSIPPI. 
[Zero  of  gauge  66.04  feet  above  the  Cairo  datum  plane.] 


1828. 


1844. 
1849. 
1830. 
1855. 
1856. 


59. 
02. 


66. 


T7. 
1. 
2. 
B. 
t. 


Jane  28 
Apr.  28. 
June  4 . 


June  26 


Apr.  21. 
Apr.  27. 


May  2-3... 
May2IM0. 
May  2^... 


46.38 


46.18 
46.38 
47. 08 


46.98 


48.28 
5L10 


46.48? 


40.02f 


89.50 
40.60 
45.70 


Oct  31 


Deo.  31.... 

Dec.  30 

Jan.  1 

Nov.  16-21 


—1. 32 

7.28 


-4).  38 

—1.30 

2.35 

8.16 


Humphreys  and    Abbot   Report, 
page  172.  Captain  Willard  (Ms., 
1891.) 
Do. 
Do. 
Captain  Willard  (Ms.,  1891). 

Do. 
High  wat«r,  Captain  WiUard  (Me.. 
1891.)    Low  water,  Humphrt^ys 
and  Abbot  Report,  page  534.  Cor- 
rected to  present  gauge  by^  sub- 
tracting 1.32.    Authority,  Cap- 
tain WTlUird  (Ms.,  1891). 
Captain  Willard  (Ms.,  1801). 
M^jor  Merrill   (Chief    of    Engi- 
neers'   Report,  1872,  page  433). 
Captain  WiUard  (Ms.,  1801). 
Captain  Willard  (Ms.,  1891) .    Ma- 
jor Abbot  (Chief  of  Engineers' 
Report,  1869,  page   337)    gives 
this  as  2.8  less  than  1862. 
Captain  Willard  (Ms.,  1891). 
U.  S.  Engineer  gauge  records. 
Do. 
Do. 
Do. 


L 
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MISSI8Sn>PI  RIVER,  VICKSBURG,  HISSISSIFPI— Continned. 
[Zero  of  gange  66.04  feet  above  the  CiUro  datum  plane.] 


Higb<^iit. 

Lowest. 

Year. 

Day. 

Gauge 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1875 

Apr.2l 

Feet. 
43.00 
44.90 
41.00 
40.96 
39.45 
43.15 
41.85 
48.75 
43.80 
49.00 
42.40 
44.15 
44.70 
44.18 
34.45 
49.06 
48.10 

Nov.13-15 

Dec.  30-31 

FtH, 

8.10 
4.05 
2.25 

V.  S.  Engineer  gauge  re^rdB. 

1876 

May  10 

1877 

May  8-13 

Jan.  6-7 

Do 

1878 

M:ar.24-27 

Do. 

1879 

Feb.  17 

Do. 

1880 

Apr.  8-9 

Oct  27 

7.70 
3.65 
7.60 

Do. 

1881 

Mar.  10-12 

Sept  19-20 

Dor.26 

Do. 

1882 

Mar.  20-21 

Do. 

1883 

Apr.  7 

()ct6 

Dec.  15 

2.90 

T>rt_ 

Mar.25 

4. 85               IWi- 

1885 

Feb.3 

Oct.  2ft-27 

4.90 

0.00 

—3.92 

—1.35 

—0.70 

9.00 

Do. 

1886 

May  7-9..' 

ISov.  16 

I>o. 

1887- . . . 

Mar.  26-31 

Nov.24-25 

Jan.  7-8 

Do. 

Apr.  26 

Do. 

1889 

July  3 

Oct30-Nov.l 

Aug.  17-24 

Do. 

1890 

Apr.  24-26 

Do. 

1891 

Apr.  2-4 

Do. 

MISSISSIPPI  RIVER,  ST.  JOSEPH,  LOUISIA^'A. 
[Zero  of  gauge  52.74  feet  above  the  Cairo  datum  plane.] 


1881.. 

1882.. 
1883.. 
loo4. . 

JcHtO  •  ■  < 

1890.. 
1891.. 


Mar.  13  ... 

Mar.  20-21 
Apr.  7  — 
MHr.23  .. 

Feb.  3 

July  3-4... 
Apr. 23  .., 
Apr.  11  .. 


30.20 

44.90 
41.90 
44.98 
38.37 
t30.00 
45.15 
4:).  80 


Dec.  26. 
Oct  8-9 
Dec.  16. 


Oct  3«-Xov.  1 
Aug.  20-22  . . . 


7.80 
4.20 
3.95 


-3.95 
5.20 


Mi88iB8ippi     River 
gaugi*  records. 

Do'. 
Do. 
Do. 
Do. 
Do. 
I)o. 


ConinuAaiosi 


1871. 


1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
188:t 
1884. 
1885. 
1886. 
1887. 
1888. 
1880. 
1890. 
1891. 


MISSISSIPPI  RIVER,  XATCHEZ,  MISSISSIPPI.* 
[Zero  of  gauge  36.80  feet  above  the  Cairo  datum  plane.] 


May  2. 4-5 

May  30 

Apr.  20 

Apr.2S-26  .... 

May  15-16 

May;K)-31 

Max.28 

Feb.  17-20 

Apr.  16 

Mar.  16, 10  ... . 
Mar.28-29  .... 

Apr.  7-9 

Mar. 24-26  .... 

Fob.  3-5 

May9-ll 

Mar.  30-Apr.  3 
Apr.27-May  1 
Mar.  12-13  . . . . 

Apr.23 

Apr.  11-12  .... 


43.80 


39.85 
40. 15 

41.85 
43.85 
40.70 
39.20 
36.80 
43.50 
40.80 
47.75 
44.00 
47.40 
42.60 
4:J.  75 
44.20 
4:).  40 
34. 15 
48.60 
46.50 


Dec.  14-16. 

Jan.  1 

Nov.  17  ... 

Jan.  1 

l>eo.31.... 

Jan.  9 

Nov. 8  .... 
Oct  18-22  . 
Oct.  28  ... . 
Sept  21-22 
Nov.  6-9  .. 

Oct6 

Oct  1-2... 
Oct  27.... 
Nov. 6  .... 
Nov.  25-27 

Jan.  7 

Nov.:J-5  .. 
Aug.  19-21 


1.20 


0.00 
0.95 
2.70 
7.00 
2.90 
1.40 
6.35 
1.80 
7.30 
4.70 
9.70 
4.90 
7.70 
6.50 
2.80 
0.75 
4.50 
2.70 
11.60 


(^nptaiu  Rcnyanrd  (Chief  of  Sngi- 
iiecni'   Report,  1870,  page  613); 
Mivior  Merrill  ((^hiefof  Sngi- 
nccrH*  Report,  1872,  page  433). 
U.  S.  Engineer  gauge  reocurda. 

Do. 

Do. 

Do. 

Do. 

I>o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


*  See  note  B,  page  3555. 
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MISSISSIPPI  EIVBB,  RED  RIVER  LANDING,  LOUISIANA. 


3565 


[Zero  of  gauge  23.85  feet  above  the  Cairo  datum  plane.] 


Highest. 

Lowest. 

Yew. 

Day. 

Gauge 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1887 

Feet, 
46.30 

44.50 

39.42 
39.02 

Feet. 

Mi^or  Merrill  (Chief  of  Engineers' 
Report,  1872.  page  434).     Cor- 
rected by  adriing  3  feet  (Captain 
Bonyaurd.  Chief  of  Engineers' 
Report,  1^6,  page  614^ 

Hieh   water,    Mfljor   Morrill,    as 
above.    Low  water,  U.  S.  Eugi- 
11  wr  gouge  rtM'ord. 

U.  S.  Engineer  gauge  records. 
Do. 

1B71 

Deo.  31 

12.00 

0.00 

4.50 

1.90 

6.00 

2.23 

0.85 

0.55 

6.10 

3.40 

9.10 

3.95 

6.30 

6.70 

2.70? 

0.46 

3.90? 

2.40? 

8.80 

1872  . 

Have 

Dec.  15 

1873 

June  12 

Jan.  1 

1874 

Anr  16 

47.05 

Nov.  22 

Do. 

1875    .. 

Mav3 

40.45 
45.41 
40.56 
35.90 
44.05 
40.10 
48.53 
45.20 
47.30 
4L96 
41.94 
4.3.00 
41.75 
34.00 
48.67 
45.48 

Jan.  1 

Do. 

1876 

Mavis 

Dee.  30 

Jan.  8, 10 

Do. 

1877 

June  1-3 

Do. 

1879.... 
1880.... 
1881.... 

ise.... 

18*J.... 
1884.... 
1885... . 
18«.... 
18>*7-... 
1838.... 
18i».... 
1890.... 
1891.... 

Feb  lf*-20 

Oct.  24-25 

Do. 

Apr.  22-24 

Apr.  6-9 

Oct.  26-27 

Do. 

Sept.  21-22 

Oct.  18 

Do. 

Mar.27 

Anr.  9 

Do. 

Oct.  7-8 

Do. 

Mar.29-31 

Feb.  5-6 

Oct.  1-2 

Do. 

Oct.  26 

Do. 

Mav31 

Nov.  7 

Do. 

Apr.  8 

Nov.  25 

Do. 

Apr.30 

Oct.  23-34 

Do. 

Mar.  13 

Nov.  4-5 

Do. 

Apr.  23 

Aug.  23-24 

Do. 

Apr.26-May  4.... 

Do. 

MISSISSIPPI  RIVER,  BAYOU  SARA,  LOUISIANA. 
[Zero  of  gauge  23.95  feet  above  the  Cairo  datum  plane. 


1889.. 

laeo... 

1»1... 


Mch.  13-14 


Apr.2l 

Apr.  29-May  6 


28.00 

41.20 
3a  80 


Nov.3-5 

Aug.^0-Sept.l. 


■2.10 
4.00 


Mississippi     River    Commission 
gauge  reconls. 
Do. 
Do. 


MISSISSIPPI  RIVER,  PORT  HICKET,  LOUISIANA. 
[Zero  of  gauge  13.68  feet  above  the  Cairo  datum  plane.] 


1881. 

188Z. 
1883. 

1885. 


Apr.  5-7 

Mch.  27-29... 

Apr.9 

Mch.  29 

Jan.31-Fob.  7 


40.80 

47.90 
46.10 
47.45 
42.80 


Sept.  11 


Dec.  3. 


9.50 


13.10 


Mississippi     River 
gauge  records. 

Do! 
Do. 
Do. 


Commission 


MISSISSIPPI  RIVER,  BATON  ROUGE,  LOUISIANA.* 
[Zero  of  gauge  20.06  feet  above  the  Cairo  datum  plane.] 


IS 

M 
\i 
\i 


Apr.  1 


May?.. 
Jane  17 


84.53 


36.07 
84.49 
34.62 
29.65 
20.85 


Nov.  24 


Dec.  22. 
Jan.  1 . . 


3.20 
0.20 


L15 
2.32 


*  See  note  B,  page  3555. 


Mi^or  Merrill  (Chief  of  Engineers, 
Report,  1874,  page  401). 

Do. 

Do. 

Do. 

Do. 
U.  S.  Engineer  gauge  records. 

Do. 


I 

L 
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MISSISSIPPI  SIYXB,  BATON  BOUGB,  LOUISIANA*^Cantlimed. 
[Zoro  of  gange  2L  06  feet  above  the  Cairo  datum  plane.] 


Higheiit. 

Lowest. 

Year. 

Day. 

Gange 
reading. 

Day. 

Gauge 
reading. 

Authority. 

1874 

Apr.l6 

F»g. 
36.15 
29.75 
33.40 
29.65 
29.35 
26.10 
33.20 
30.05 
35.96 
85.08 

•  86.20 
81.90 
82.10 
33.55 
82.50 
26.75 
86.60 
85.55 

Nov.21 

Feet. 
2.30 
3.96 
1.70 
0.90 
3.30 
2.00 
4.00 
2.90 
6.18 
3.10 
4.80 
4.66 
2.25 
1.10 
2.90 
2.50 
5.45 

U.  S.  Engineer  gange  reooida. 
Do. 

1875 

Hay  13 

Jan.  1 

1876 

May  8, 15-16.*. 

June  1,4 

Dec.  30-31 

Do. 

1877 

Jan.O 

Do. 

1878 

May  19 

Nov.6 

Do. 

1879 

Feb.  15-17 

Nov.21-24 

Oct.  13-15, 25-26... 
Sept.  22 

Do. 

1880.... 
1881 

Apr.22-24 

Apr,  8 

Do. 
Do. 

1882. . . . 

Mch.26 

Oct.  18 

Da 

1883 

Apr.  9 

Oct.7 

Do. 

1884 

Moh.24 

Oct2 

Do. 

1885 

Jan.  30-31,  Feb.  2.. 

May31-Jnne2 

Apr.lO 

Oct.  81 

Do. 

1886 

Nov.20 

Do. 

1887 

NoY.26 

Do. 

1888 

Apr.  29,  May  8 

Mar.  13-14 

Apr.2l-22 

May  3,5 

Jan.  10 

Do. 

1889 

Oct  27-28 

Do. 

1890.... 
1891 

Aug.  22-24 

Do. 
Do. 

*  See  note  B,  page  3556. 

MISSISSIPPI  RIYEB,  PLAQUEMINB,  LOUISIANA. 

[Zero  of  gauge  21.06  feet  aboTe  the  Cairo  datnm  plane.] 


1880.. 

1881.. 
1882.. 

1883.. 
1884.. 
1885.. 
1889.. 
1890.. 
1891... 


Apr.28-25... 

Apr.ft-9 

Mar.21-27... 

Apr.9 

Mar.24 

Jan.  30-Feb.  6 
Mar.i:i-14  ... 

Apr.22 

Apr.  15-22  ... 


S9.00f 

26.00! 
8L80I 

80.80 
81.70 
27.70 
23.00 
31.00 
3L05 


Sepl  21-22. 
Oci   15-18, 
a-lL 

Oct7 

Oct  1-2.... 


Nov. 


Oct  80.... 
Aug.  22-23 


L70f 
8.80f 

1.35 
2.90 


LIO 
8.65 


MiseiBsippi    River    Commieaioii 
gauge  rocordt. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


MISSISSIPPI  BIYER,  DONALDSOITVILLB,  LOUISIANA.* 
[Zero  of  gauge  10.14  feet  (preliminary  value)  above  the  Cairo  datnm  plane.] 


1890. 
1801. 


Mar.  18, 20 


27.90 


Aug.  21-22 . 


4.14 


U.  S.  Engineer  gauge  reoords. 
Do. 


*  See  note  B,  page  3565. 

MISSISSIPPI  RIYBB,  COLLEGE  POINT,  LOUISIANA. 

[Zero  of  gauge  21.24  feet  above  the  Cairo  datum  plane.] 


1880. 

1881. 

1882. 
1883. 

1885. 
1889. 
1800. 
1801. 


Apr.  18, 20-23 

May  22-24... 

Mar.  20 

Apr.9 

Mar.24 

Jan.  30,  Feb.  1 
Mar.  12-14  ... 

Mar.16 

Mar.81 


2L30 

19.95 

23.20 

23.45 

24.10 

21.10 

17.48 

23.90 

23.05 

Nov.  8 


Ang.27,Septl9. 
Oct  18,  Nov.  7... 

Oct  12-13 

Deo.  2 


Oct  28. 
Aug.  22 


2.66 

1.85 
2.46 
1.40 
1.25 


0.20 
2.22 


Mississippi  River  Commli  ton 
gauge  records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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MISSISSIPPI  KIVBB,  CARBOLLTON,  LOUISIAlTA. 
[Zero  of  gange  20.91  feet  above  the  Cairo  datum  plane.] 


1828... 


1M4. 


1850... 
1851... 
1852... 
1853... 
1854... 
1858... 
1859... 
1860... 
1682. 

isn. 

1872... 

1873... 

1874... 

1875... 

1876.. 

1877... 

1878... 

1879.. 

1880.. 


T881... 

1882... 

1883... 

18»... 

1885.. 

1886... 

1867... 

1888... 

1889... 

1890... 

1881... 


Highest. 


Bay. 


Apr.l. 


Mar.  11-15 


Jan.  21, 28, 30,  Feb. 

2. 
Har.27-30 


May  30. 


May  30-31,  June  2- 

3. 
Apr.  14 


.   May  10, 12. 


I 


May  2,4,6 
Feb.6 


May6 

Jane  3-4 

Apr.  16 

May  3-5, 14-10, 18 

May  11 

Jane  4,8 

Mar.  21 

Feb.  20,22 

Apr.  22, 24 


1 


Apr.  IS... 
Mtf.  27... 

Apr.  7 

Mar.  18... 
Jan.  22,23 
May  31.... 
Apr.  6-9 . . 
Apr.  26... 
Mar.  13-14 
;  Mar.  ia-17 
Mar.  16... 


Gauge 
reading. 


FetL 
15.2 

14.5 
15.2 

13.8 

15.4 

14.1 


Lowest 


Day. 


Oot6.. 
Nor.  18 
Nov.  24 
Feb.  4.. 


15.0?i  Oct.  26 


14,7? 
15.1 


Dec.  30. 


Nov.  5, 7-9 


15.6  I  Nov.  13 


13.4 
15.9 

15.4 

12.80 
12.93 
15.70 
ILdO 
12.70 
11.10 
11.30 
10.80 
18.90 


12.55 
14.95 
15.40 
15.50 
13.55 
13.80 
14.50 
14.70 
11.60 
16.10 
16.00 


Oct  18 


Deo.  27. 
Nov.  20 
Nov.  24 
Nov.  13 
Dec.  30. 
Jan.  9.. 
Nov.  'd2 
Nov.  24 
Nov.  2. 


Sept.  10. . 
Nov.  8... 
Oct  15... 
Deo.  2, 5  . 
Oct  24... 
Nov.  27.. 
Nov.  20.. 
Jan.  10... 
Nov.  9, 11 
Aug.  11.. 


Gauge 
reading. 

Feet. 


Authority. 


2.1 

-0.5 

0.2 

O.G 

1.2? 

0.0? 

0.4 

-0.4 

-0.7 


-1.60 

0.08 

0.10 

0.10 

-1.20 

—1.40 

-0.10 

0.80 

0.30 


0.30 

1.00 

0.50 

0.30 

0.90 

-0.40 

-0.70 

-0.20 

0.40 

1.60 


Humphrevs   and  Abbot  Report 

page  172. 
Do. 
Humphreys  and  Abbot   Keport, 

page  516. 
Humphreys  and  Abbot  Report, 

page  517. 
Humphreys  and   Abbot   Report, 

page  521. 
Humphreys   and  Abbot   Rejiort, 

IHige  52d. 
Humphreys  and  Abbot   Report, 

page  527. 
Humphrevs   and  Abbot   Report, 

page  528. 
Humphrevs  and  Abbot  Report, 

page  536. 
Humphreys  and  Abbot   Report, 

page  540. 
Humphreys   and  Abbot   Report, 

page  541. 
M^'or  Abbot  Chief  of  Engineers' 

Report  1869,  page  337,  and  1875, 

page  568. 


Major  Merrill,  Chief  of  Engineers' 

Report  1872,  page  434. 
XJ.  S.  Engineer  gauge  records. 


Do. 
Do. 
I>o. 
Do. 
Do. 
Do. 
Do. 
High    water,    Mississippi  River 


Commission    discharge     party 
■    ■  \V.S. 

gineer  gauge 


nn^  records.  Low  water, 
Enraneer  gauge  records. 
U.  S.  JSngii^er  gauge  records. 

Do. 

Do. 

Do. 

Do. 

Dd. 

Do. 

Do. 

Do. 

Do. 

Do. 


ARKANSAS  RIVER,  LITTLE  ROCK,  ARKANSAS. 
[Zero  of  gauge,  241.55  feet  (preliminary  value)  above  the  Cairo  datum  plane.] 


i«n. 


1872... 
1873... 
1874... 
1875... 
1876... 
1877... 
'878... 
879... 
880.. 

181... 

"82... 

B.. 

M... 

B... 

88... 

W... 

B... 

19... 

«... 

tt... 


May  20-21 
Apr.  12... 
Apr. 25  ... 

Aag.  5 

July7.... 
June  13  — 
May  28... 
Feb.3..-. 
Mar.  16... 
Feb.  20... 
Feb.  25... 
Feb.  19... 
Feb.  15 . . . 
Apr.  27-29 
Feb.  16... 
May6.... 
May  23... 
Mar.  27 . . 
Apr.  29... 
Apr.21.... 


31.00 

26.00 
22.60 
23.00 
21.80 
26.30 
27.50 
24.30 
16.60 
14.80 
18.40 
25y70 
25.80 
30.60 
28.60 
17.90 
17.60 
20.38 
23.30 
26.80 
22.70 


Deo.  4-5. 14, 15..., 

Sept  23, 26 

Sept  4-7 

Nov  27 ■.... 

Oct  18 


Oct  23-24. 

May  29-30  ...;. 

Jan.  15-18 

Sept  23-26 

Oct.  8-9, 12-13. 

Nov.  17-21 

Dec.  8.24-29  ... 
Nov.  8-9,16... 

Nov.20 

Oct.  lO-Nov.  6 

Oct.  29 

Aug  17-19 


0.80 
0.40 
0.00 
0.50 
LOO 


LOO 
0.80 
LOO 
3.30 
4.90 
4.80 
4.40 
3.20 
2.00 
3.40 
3.90 
4.50 


M^or  Merrill,  Chief  of  Engineer's 

Report  1872,  page  432. 
T7.  S.  Engineer  gauge  records. 

Do. 

Do. 

Do. 

Do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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ouAixrrA  srvitat,  oamosk,  asxaksas. 

[Zero  of  gsofe  00.60  fool  (prelimiikMy  Yihio)  aboro  the  Cairo  datum  piano.) 


» 

Highoot 

liOvioai. 

Year. 

Day. 

Gao«e 
readiBg. 

Day. 

Gaogo 
reading. 

Authority. 

1882 

Fmt, 
46.0 

FeeL 

U.  S.  Signal  Service. 
U.  S.  Signal  Senrioe  gange  reoords. 
Do. 

1885 

Deo.  8 

t3.4 
2.8 
1.8 
2.3 
2.3 
3.5 

1886 

lTov.27 

36.8 
86.7 
34.2 
37.7 
38.5 
35.6 

Sept.  12-18 

Aug.  2(M0 

Oct.  16-21 

1887 

Dec.  13 

Do. 

1888 

Jan.  18 

Do. 

1880 

Jul.  21 

Oct.  25-30 

Do. 

1890 

Apr.  7 

Aoc.  6 

Do, 

1891 

Feb.6 

■**'*fe*  "•-•-•- •••-•• 

U.  S.  Engineer  gauge  records. 

OUACHITA  BIVER,  HONBOB,  LOUISIANA. 
[Zero  of  gaage  51.56  feet  (preliminary  value)  above  the  Cairo  datum  plane.] 


1874.... 
1882.... 
1884.... 
1886-.-. 
1886.... 
1887.... 
1888.... 

AC^JV*    a    ■    • 

1890. . . . 


Jan.  10 

May  24 

Mar.  31- Apr.  4 

Apr.  6-18 

Feb.  0-14 

May  14-15 


49.1 

48.9 

48.3 

30.1 

33.6 

34.2 

34.0 

43.2 

Sept.  21-27 

Oct.  18-28 

0.92 
0.0 

Sept  11-13 

Oct  17-23 

1.0 
0.1 

Oct  13-23 

0.8 

Oct29,Nov.6 

Sept  12-13 

0.0 
2.2 

U.  S.  Signal  Service. 

Do. 
U.  S.  Signal  Service  gauge  records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


BED  BIVER,  FULTON,  ABKANSA8. 
[Zero  of  gauge  244.78  feet  above  the  Cairo  datum  plane.] 


1876. 
1886. 
1886. 

1887. 
1888. 
1889. 
1890. 
1891. 


July  17 
Apr!  21 


Dec.  12.... 

May7 

Jan.  20 

May3 

Apr.  27-28 


86.75 


20.0 

27.5 
31.8 
80.8 
84.0 
30.8 


Deo.  16 

Aug.  4-7,  Sept  lo- 
ll, 25. 

8ept7 

Nov.1-3 

Oct  28-31 

Aug.  10-10 


3.4 
8.8 

0.6 

3.4 
4.0 
4.35 


U.  S.  Signal  Service  gauge  reoorda. 
Do. 
Do. 

Do. 
Do. 
Do. 
U.  S.  Engineer  gauge  records. 
Do. 


BED  BIVER,  GABLAND,  ARKANSAS. 
[Zero  of  gauge  223.44  feet  above  tne  Cairo  datum  plane.] 


28.84  !. 

28.17 
26.84 


Aug.  17-18 


2. 80 


Captain  Willard   (gauge  inspeo* 

tion  report  1890). 
U.  S.  Engineer  gauge  records. 


RED  RIVER,  SHREVEPORT,  LOUISIANA. 
[Zero  of  gange  161.27  feet  (preliminary  value)  above  the  Cairo  datum  plane.] 


1873. 
3874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1880. 
1887. 
1888. 
1880. 
1890. 
1891. 


June  8-0 

Apr.  29-May  1 . 

Apr.  22 

July  28 

May  11-12.-.., 

Jan.  81 

May  16-17 

Apr.  4 

Miir.7 

Feb.  21 

Mar.  11-12 

May  14 

May  11-12 

Apr.29 

Deo.  24-25 

May  19 

Feb.3 

May  8    

Feb.  12  13 


25.5 
27.9 
25.8 
31.9 
29.8 
28.4 
24.0 
23.3 
27.8 
3L4 
25.3 
82.7 
80.6 
18.8 
21.6 
30.3 
31.9 
:14.7 
•2:k  -j 


Sept  28... 
Sept  6-7 . . 
Nov.  22-23 
Nov.  18  ... 
Oct  15.... 
Nov.21... 
Nov.  1-4  .. 
Oct.  28-29. 
Sept  1-2.. 
July  30... 
Oct  16-17. 
Sept  24... 
Oct24.... 
Sept  12... 
Sept  8-11. 
Nov.  4-8... 
Sept.  4. 1«  . 
Aug.  22-24 


1.4 

-1.2 

5.2 

5.2 

5.0 

3.5 

0.0 

4.5 

-1,4 

8.0 

0.7 

-0.2 

0.7 

-1.0 

-0.6 

0.6 

4.3 

0.2 

U.  S.  Signal  Service  gaugo  records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
U.  S.  Euginet-r  gauge  r^conla. 

Do. 
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BED  RIVISB,  AT.EXANDRIA^  I/>UISIANA. 
[Zero  of  gauge  04.46  feet  abore  the  Cairo  datam  plane.] 


I 


Hlgheat. 

Xioweit. 

Tear. 

Di^. 

Gaoge 
reading. 

Day. 

Gauge 
reading. 

Anfliority. 

1849.... 

Fmt. 
86.86 

86.46 
88.80 
80.20 
84.90 
23.90 
32.80 
25.45 
27.lt 
19.20 
21.80 
27.86 
84.86 
25.45 
86.26 

84.30 
27.90 
19.80 
29.60 
81.60 
86.86 
29.96 

Feet. 

Mi^or  Merrill,  Chief  of  Engineera* 
Report  1873,  page  621. 
Do. 

ufn.'.V. 

Anr.  9S-Mav  1 

Deo.  7-12 

—2  60 

0.00 

—2.00 

—2.20 

—  1.90 
—2.60 
—2.60 
—3.10 

—  1.60 
—8.70 

1.25 
—2.80 
—1.90 

—2.06 

—  3.20 
—J.  00 
—125 

0.25 

—  J.  10 

IT.  S.  Engineer  gaoige  recorda. 
Do. 

Ig73 '  .Tnn«ia-9n 

SeDt.24 

1874.-.. 

Kav^lO 

Sept  26, 28 

NoT.22-28 

Kov.16-24 

Oct.  14-15 

Do. 

1875.... 

Ato'.27 ;... 

Do. 

1«7».... 

Apr.  17 

Do. 

1877.... 

Hay  18-19 

Var.  1?    

Do. 

1878..-. 

Kov.24 

Do. 

1879..-. 

Miiy2A  .        . 

Nov.1-6 

Do. 

1880.... 

Apr.  11-13 

Hir.20 

Oct.  27-30 

Do. 

1881.-.. 

Sept.  29 

Do. 

1882 

Har.  17-19 

Mar.  27    .     

Oct.8 

Do. 

1883.... 

Oct  19, 21-22 

Nov.3-6 

Do. 

1884... . 

June  l,5,Ma7  8a. 

31. 
Jan, 26^^..  ....... 

Do. 

1885.... 

Oct.  24 

Do. 

1886.... 

Jane  17 

SeptU-13 

8ept.l4-16 

Kov.7 

Do. 

1887...- 

Dec  28-29 

Mar.  27-28 

Feb.  13 

Do. 
Do. 

1889.... 

Sept  18-14 

Aog.  21 

Do. 

18B0.... 

M«vl9 

Do. 

1881.... 

Fefi.  16-17 

Do. 

ST.  FRANCIS  RIVER,  WITTSBT7RG,  ARKANSAS. 


1884. 

1886 
1881 
1887 


Jm. 
Apr. 


28  ... 

i»-ao 

24... 
30.... 


Mar.Sl 


20.87 
42.02 
38.92 
26.70 
12.61 
40.16 
86.98 


Nov.  19 


Oct  10... 
Sept  25.. 
Oct  29-31 
Oct  19... 
Nov.  6-7. 
Sept  27.. 


—1.66 

—2.66 
—2.63 
—2.90 
—2.70 
—2.48 
—8.24 


Misaiasippi  River 
gaage  record. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Comniiaaion 


TENNESSEE  RIVER,  CHATTANOOGA,  TENNESSEE. 

• 

1887.... 

Mm-  11 

6a  06 

V.  S.  Signal  Service  gange  recorda. 
Do. 

1874.... 

Nov.  7-8 

0.67 
2.17 
1.00 
1.17 
0.92 
0.17 
1.00 
0.00 
L67 
0.00 
0.17 
0.70 
1.20 
1.20 
1.80 
2.10 
2.00 

1875.... 

Mar.l 

64.00 
3L08 
28.67 
19.17 
88.00 
88.38 
28.42 
40.17 
88.17 
42.88 
80.40 
62.26 
27.80 
27.00 
29.60 
42.60 

Oct.  27-31 

Do. 

1876.... 

Jui.l 

Oct  18-20 

Da 

1877.... 

Apr.ll 

Oct6 

Do. 

1878.... 

Feb.  26 

Sept  14-16 

Oct  6, 7,9-10 

Oct  16. 24, 27-28, 30 

Septll-14 

Oct  18,  Nov.  11-12. 
SeptlO 

Do. 

18».... 

Jan.  15 

Do. 

1880.... 

Mar.  18 

Do. 

1881.... 

FM>.18 

Da 

1882.... 

Ja^l9 

Da 

1888.... 

Jan. 23 

Da 

1884.... 

Mar.  10 

Oct  19-21 

Da 

1886.... 

Kov.9 

Sept  20 

Da 

WM... 

Apr.  3 

Oct  23-26 

Da 

1        ... 

F^.  28-Mar.  1 

Mar.  n  .  . 

Oct  15-17 

Da 

1        ... 

Joly29 

Da 

11        ... 

Feb.  18 

Oct  22-24 

Da 

1        ... 

Mar.2 , 

July  17 

Da 
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TENNESSEE  BIVER.  FLORENCE,  ALABAMA. 


Tear. 


1867. 


1871. 
1872. 
1873. 
1874. 
1875. 
1878. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1880. 

1887. 

1888. 
1889. 
1890. 
1891., 


Highest. 


D»y. 


Deo.  25.... 
Feb.  22.... 
Apr.  17... 
Mar.S.... 

Jaii.4 

Apr.  10  ... 
Apr.  26.... 
Jan.  20.... 
Har.l8... 
Mar.  21 ... 

Jan.  22 

Jan.  28 

Mar.  14-15 
Jan.  20.... 
Apr.  8  — 


Feb.  27-Mar.  I 


Mar.  29... 
Feb.  20-21. 
Mar.  2-3  .. 
Mar.  15... 


Ghrage 
reading. 


Feet, 
8L1 


16.35 
22.90 
26.00 
29.38 
19.78 
19.35 
13.55 
21.45 
24.50 
17.40 
29.60 
23.30 
25.20 
17.80 
28.10 

17.60 

20.75> 
19.70 
23.30 
22.20 


Lowest. 


Day* 


Oct.  24,28 

Oct  21-23 

Nov.  10 

Nov.  8 

Oct.  21 

Ang.28 

Sept  18 

Oct6 

Oct  22-23,  27 

Sept  14 

Nov.  15-16 

Sept  13-26 

Oct  24-28 

Sept  20-22 

Oct.     15-Nov.  1, 

Nov.  10-13. 
Sept  21-26, 28-29, 

Oct.  12-23. 

July  31,  Aug.  4 

May  28-29 

July  19-20 


Gauge 
reading. 


Feet. 


0.0 

-0.76 

-0.45 

0.02 

0.43 

•0.56 

■0.03 

0.76 

•0.60 

0.06 

0.08 

L1& 

0.40 

0.26 

0.66 

0.60 

0.60 

0.70 
0.16 
L70 


AnHiority. 


M%for  Merrill  (CMef  of  Engineers' 

Report,  1872,  page  430). 
IT.  S.  Engineer  gauge  reoonU. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.  • 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 


WABASH  RIVER,  M0T7NT  CARMEL,  ILLINOIS. 


1884. 
1885. 
1886. 

1887. 

1888. 
1889. 
1890., 


Jan.  6.. 

May  22. 

Mar.  14 


Apr.  4-5  .. 
June  18 . . 
Jan.  13-15 


24.7 
19.8 

22.0 

20.6 
21.4 
26.1 


Sept  16-17,  20-21.. 

Sopt  11-12 

Sept  20-21,  Nov. 

9-12. 
Sept  25-29,  Oct 

30-Nov.  24. 
Sept  22,  Oct  6-22.. 

Oct  16-23 

Aug.  16-21 , 


tLl 
2.0 
L4 

0.6 

LO 
0.9 
L4 

IT.  S.  Signal  Service  gauge  rooonl^. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 


WHITE  RIVER,  JACKSONPORT,  ARKANSAS. 


1867. 

1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 

1881. 
1882. 

1883. 

1884. 
1885. 

1886. 
1887. 
1886. 

1889 

1890. 

1891. 


May  24 
Apr.  13 
Apr.  23 
May  6  . 
Jan.  81 . 
June  13 


Feb.  8.. 
Mar.  12 


Feb.  22. 
May  11. 

Feb.  19. 
Feb.  15. 
Jan.  2 . . 


May  12 
May  7  . 
May  23 


Mar.  27-28 
Mar.  14  ... 
Apr. 26  ... 


82.83 


22.00 
30.00 
aL05 
26.80 
3L06 
26.40 


12.32 
27.10 

27.10 
8L20 

82.00 
32.80 
80.90 

24.00 
25.30 
26.90 

24.00 
33.35 
23.75 


Dec.  24 

Sept2 

Nov.3-4 

Oct  29 

Deo.  28 

Oct7 

Nov.14 

Nov.8-7 

Sept  13-14,  17-18, 

Oct  9. 
Aug.  28,  Sept  21  .. 
Aug.  29-30,  Sept. 

5-6 

Sept'23 

Nov.11-17 

Sept  2-7,  Oct  24, 

Nov.  3-4.  Dec.  8. 
Sept9-ll,Nov.  1-2. 

Nov.  19-23 

Aug.  10-11,    Oct. 

11-22. 

Oct  23-30 

Aug.  9-10 


0.00 

-LIO 

-0.70 

-0.50 

-0.03 

0.50 

0.20 

0.32 

-0.60 

0.20 

LOO 
L20 

L20 
0.60 
0.80 

0.20 

—0.40 

0.30 

0.80 
2.40 


Major  MerriU  (Chief  of  Engineers* 
Rfeort,  1872,  page  431). 

Do. 
IT.  S.  Engineer  gauge  reoordft. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
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WHITE  BIVBB,  CLAHENPON,  AKCANSA6. 


Tev. 

Highest. 

Lowest. 

Dftj. 

Gauge 
reading. 

J^- 

Gaage 
reading. 

Anthoritj. 

1884 

Feet. 

Nov.  10-20 

Oct.  27-31 

Feet. 
6.20 

6.08 
5.35 
4.06 
5.88 
6.60 
8.74 

Missiseippi    Biver    Commission 
gaage  records. 
Do. 

JgSS.... 
ISM.... 
1887.... 
1888 

Jan.8 

33.58 
20.20 
27.00 
25.70 
20.10 
36.63 
20.10 

May  4 

Nov.  12-13 

Nov.  22-23 

Aag.  15 

Do. 

Har.22 

Do. 

Apr.8-8 

Do. 

13M 

Apr.  11 

Oct.  81-Nov.  1.... 
Auir.  12 

Do. 

1890 

Mar.  20 

Dow 

laoi 

Mar.  19 

Do. 

... -3 

YAZOO  RIVEB,  YAZOO  CITY,  MISSISSIPPL 


[Zero  of  gauge  03.02  feet  above  the  Cairo  datom  plane.] 


1875. 


1884. 


1B8B... 
ISM... 
VS87... 
1888... 
1889... 
1890... 
1801... 


■| 


Feb.  5-7.- 
Mav  11-12 
Mar.  22-28 
Apr.  26-28 
Mar.  0-11 . 
Apr.  26-27 
Mar.  8 


36.5 


22.82 
22.40 
23.80 
23.00 
18.50 
28.82 
28.08 


Nov.  22 


Sept.  8 

Nov.  &-10 

Nov.  23 

Ang.  16 

Oct.  30-Nov.  1 
Aug.  27 


—4.3 

'— i.'2i 

—2.35 
—0.95 
—2.30 
—0.20 
—1.92 
0.00 


U.  S.  Signal  Service. 

Do. 
Miasissippi     River 
gauge  records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Commisaion 


Appendix  C  10. 

B3EFOBT  OF  MB.  J.  A.  OCKERSON,  ASSISTANT  ENGINEER,  ON  CHANGES  IN  THE  BED  OF 

XnSSISSIPPI  RIVER  NEAR  THE  HEAD  OF  THE  PASSES. 


Office  Mississippi  River  Commission, 

St  Louis,  Mo.f  Jufie  17,  1891. 

Captain:  I  snbmit  herewith  the  results  of  an  investigation  as  to  changes  in  the 
bed  of  the  Mississippi  River  a  short  distance  above  the  Head  of  the  Passes.  The 
shaded  part  of  the  accompanying  sketch  shows  the  location  of  the  area  examined. 

The  appended  table  shows  the  maximum  depths  and  mean  depths  and  the  widths 
of  the  26  and  30  foot  depths'  on  3  sections,  as  derived  from  annual  surveys  made 
from  1880  to  1890  inclusive.  It  also  shows  the  mean  depth  of  the  whole  area  for 
each  of  the  above  years.  These  mean  depths  are  derived  from  soundings  on  14  sections, 
which  include  the  fixed  sections,  whose  values  are  given  separately. 

The  soundings  are  aU  reduced  to  a  stage  of  2.4  feet  on  Head  of  Passes  gauge. 

The  maximum  depths  on  the  lower  section  lie  near  the  entrance  to  South  Pass. 

This  investigation  does  not  develop  any  law  of  chan^.  It  does  not  show  that 
there  is  a  progressive  tendency  to  shoaling,  nor  is  there  an  invariable  effort  to  increase 
the  depth. 

The  scours  and  fills  alternate  without  any  apparent  regularity.  If  we  compare  the 
first  five  years  with  the  last  five  we  find  an  average  deepening  for  the  last  period  of 
0.6  feet. 

The  increase  in  the  maximum  depth  of  section  1-0  during  the  last  three  years  was 

ite  marked. 

"he  data  from  which  the  deductions  were  made  were  derived  from  the  surveys  of 
istant  Engineer  C.  Donovan,  published  in  the  Annual  Reports  of  the  Chief  of 
gineeiB. 

Very  respectfully,  your  obedient  servant. 


apt.  Carl  F.  Palfrey, 

Corps  of  Engineers,  U,  S.  A., 

Secretary  ifiseissippi  Biver  Commissiou, 


J.  A.  OCKISRSON, 

Assistant  Engineer, 
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Changes  in  depth  at  JJtad  of  Passes,  as  derieedfram  analjfM  of  the  annual  snti'rifs  nf  t\ 

Donovan,  U,  8.  Asdistant  En^neer. 


[See  Reporto  of  Chief  of  Engineers.] 
OfBoe  Hisalssippi  River  Commissicn,  November  15, 1800,  J.  A.  Ookenon,  aMittmt  englni 


Date. 


June  5-7,1880 — 
June  e-0, 1881.... 
June  8^,1882.... 
June  15-17,1883.. 
May  10-20, 1884  . . 
May  4-8, 1885  .... 
April  10-21, 1886  . 
April  ia-10, 1887  . 
April  2-5, 1888  . . . 
Mj^h  26-20, 1880. 


8.4 
12.2 
12.4 
14.1 
18.6 
12.4 
12.7 
14.2 
11.7 

0.2 

15.6 


Section  Cnbitto. 


Depth. 


82.8 
86.5 
85.3 
40.3 
37.1 
83.8 
84.0 
38.0 
35.0 
88.3 

88.0 


^ 


25.2 
27.8 
25.7 
28.2 
26.1 
24.0 
26.1 
28.8 
26.2 
27.6 

28.4 


Width. 


5 
I 


8 


FetL 


o 

09 


4,400 
8,870 
4,260 
4,380 
4,050 
4,518 
4,615 
4,000 

4,600 


F0H. 

1,430 
3,000 
2,870 
8,120 
2,280 
1,400 
2.600 
8,140 
2,880 
2,820 

3,560 


Section  6— H. 


Depth. 


8L4 
85.6 
84.4 
40.2 
35.6 
38.7 
33.3 
37.1 
34.0 
32.4 

30.0 


» 


27.4 
26.5 
27.5 
27.0 
26.0 
28.1 
27.5 
27.4 
26.0 
27.7 

28.7 


Width. 


I 


8 


Feel. 

4,660 

4,650 

4,660 

4,130 

4,740 

4,140 

5,440 

4,680 

4,000 

4,230 

5,175 


6* 


<o 


Feet 

025 
1,030 
1,712 
8,203 
2,100 
1,470 
1,360 
3,110 
2,610 
2,810 

3,825 


Section  I— J. 


Depth. 


33.8 
85. 4 
86.8 
42.0 
46.0 
88.5 
42.8 
44.5 
63.5 
66.0 

60.0 


la^ 


28.1 
28.2 
27.5 
28.7 
27.8 
26.7 
28.1 
27.0 
28.2 
27.8 

30.6 


Width. 


4 
I 

I 


Feet. 

4,260 

4,858 

8,880 

5,600 

5,310 

4,035 

5,115 

6,180 

5,530 

4,850 

5,600 


5 


Feet. 
1,100 

020 
2,218 
2,010 
2,400 

755 
1,240 
3,670 
1,305 
1,000 

3,300 


o 
.e 

►  . 

n 

i 


FmL 

27.2 
27.4 
28.8 
27.0 
26.0 
27.1 
28.0 
27.0 
27.4 

29.2 


COMMERCIAL  STATISTICS. 


Registered  tonmage  plying  on  the  Lower  Mtssissippi  River,  reported  by  ousiom-houses  in 

Pittsburg f  Cincinnaiiy  and  St.  Louis. 


Nam&of  steamer  or  line. 


Where  enrolled. 


Measured 
tonnage. 


SttMner, 


Sam  Brown  ...••.... 

Charles  Brown 

Alice  Brown 

Tom  ReesNo.  2 

Jim  Wood t.. 

S.  L.  Wood 

John  A.  Wood 

Raymond  Horner . . . 

Annie  Roberts 

John  Moran 

George  Shiras 

Time 

Crescent 

Diamond 

.foB.  B.Wi]liRma.... 

Dick  Fulton 

W.W.O'Neil 

Samuel  Clarke 

Coal  City 

Jos.  Walton 

J.F.Walton 

Jos.  Nixon 

Fred  Wilson 

Smoky  City 

Tom  Dodsworth 

Josh  Cook 

Ed.  Roberts 

Pacific 

CoalValley 

Boas 

Hornet  No.  2 

New  South 

Ohio 

Buckeye  State 

TJ.P.Schenck 

GuidingStar 

Golden  Rule 

New  Mary  HonHt4>n 


Pittsburg,  Fa 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...de 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

...do 

...do 

...do 

...do 

...do 

Cincinnati,  Ohio 

— do 

...do 

...do 

...do 

....do 

....do 


474.10 
544.12 
551.86 
827.02 
402.12 
514.85 
687.52 
688.58 
342.86 
220.51 
140.27 


239.96 
291.36 
SOL  91 
867.53 
77&96 
435.82 
861.94 
800.27 
485.04 
807.71 
406.98 
549.86 
600.86 
884.69 


1, 
1. 

1, 


912.91 
86S.44 
628.90 
289.05 
846.65 
719.40 
669L92 
17&89 
12L91 
881.27 
168.99 


k. 
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known  as  sec- 

'  feet  long,  and 

'  the  lower  end 

])ted  system  of 

iininff  whether 

blocks  of  con- 

'>tection.    The 

•Hi  E,  500  feet. 

ted  intervals, 

'  undermined, 

II stream  may 

•rtects  of  two 

)  t,  and,  thero- 

xposed  situa- 

I  progress  at 
mission,  and 
:ig  works. 
lit  of  $75,000 
iig,  between 
<l  and  stored 
for. 

UNG  PAGES. 

-mains  sub- 
inries  that 

IS  removed 
-  a  serions 
'  his  ex.cep- 

'  hute,  has 

/head  and 

! ;  neither 

urn  Point 

>is  in  the 

tjive  any 

that  the 

(>  a  point 


lug  the 

ions  for 

I  ing  the 

■bserva- 

U\  Dust 

weekly 


^•rt  that 

lurinj^ 

i  from 

Mt  has 

r,  600 

"  Bar 

.iteri- 

ThiH 

I  this 

I  tine 

foot 


k 
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Kame  of  steamer  or  line. 


JAM, 

BL,  Lonb  and  New  Orleans  Anchor  Line 

Helena  and  Saint  Lonia  Transportation  Company 

Clierokee  Paeket  Cknnpany 

BL  Loois  and  MtsBlaaippi  Valley  Transportation  Company do 

Cape  Gfrardean  l^ranaportatian  Company do 


Chaad  total. 


Measored 
ton— ge. 


14,619.49 
1,985.92 
1, 531. 78 

85,981.12 
1.340.01 

125, 267. 73 


Shipments  Jfy  New  Orleans  boats  and  hargesfor  three  years. 


Artiolea. 


Apples 

Ale  uid  beer. 
Saccing . . . . . 


Barley 
Barbed  wire 
Batter 


...bbls. 
..pkgs. 
-pieoes. 
.sacks. 
..bush. 
....lbs. 
■do. 


Bran sacks. 

Gattle head. 

Com sacks. 

Com  in  balk bnsh. 

Oommeal : bbls. 

Cotton bales. 


1: 


Cotton-seed  meal ton 

J«» pM 

Fionr , bbls 

Hay tons. 

Hmraes  and  m  ales h  ead . 

HogR do.. 

Hominy  and  grits bbls . 

Pork do.. 

Hams lbs. 

Hieala do.. 

l«ard do.. 

Halt sacks. 


Oats    .  do 

Oats  tai  bulk. ."...v.." "..././.'".'.*...'..'.'.. V.V.V.....  bush'.. 

Onlana .*. pkgs.. 

Potatoes do... 

i^e sacks.. 

Hyeinbolk bush.. 

Snsep head. 


Tallow lbs. 

Tobaeoo hhds. 

Tobaooo,  mannHactared lbs. 

Wheat sacks. 

Wheat  in  bnlk bush. 

Whiaky bbls. 

White  lead lbs. 

lUwiiiandiae  and  sundries pkgs. 

Ttotaltons 


1890. 


348 

2,603 

88,276 

89 


1,831,168 

9,377 

70,746 

5 

162,903 

8,717,850 

133,697 

2,054 


2 

830,300 

956 

704 

24 

40,247 

6,279 

131,926 

1,780,865 

8, 116, 580 

15,845 

403, 173 

80,960 

163 

666 

1,036 


220 


86,767 

418 

1,409,440 

1,046 

1,184,295 

189,651 

418,400 


1889. 


427 

2,258 

78,731 

6 


660,848 

3,014 

76,821 

41 

161,252 

12,898,955 

125,979 

801 


297,980 

2,214 

536 

5 

26,400 

4,956 

127,340 

2, 135, 711 

7,969,345 

9,235 

407,874 

89,707 

127 

587 

60 

17,432 


80,185 

241 

1,651,950 

1.013 

1,867,378 

178,480 

618,380 


1888. 


972 

1,772 

18,675 

10 


118,512 

9,145 

79,761 

38 

191,397 

5, 844, 042 

90,752 


313,327 

3,359 

432 

20 

21,550 

3.111 

107,290 

1,739.W6 

6,695,134 

27,998 

964,242 

160,584 

428 

938 

144 


26,000 


61,014 

1,120 

1,247,952 

1, 052 

1,924,637 

180,418 

326,403 
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Articles. 


Apples bblii . 

Ale  and  beer pkgA. 

Bagging pleeeH. 

Barley nackii . 

Barley bush . 

Barbed  wire lbs. 

Batter Iba . 

Bran sacka. 

Cattle head. 

Ck»m sacks. 

Comlnbnlk bush. 

Com  meal bbla. 

Cotton bales. 

Cotton-seed  meal tons. 

F^nr bbls. 

Hay tons. 

Horses  and  niiilea head. 

Hogs bead. 

Hominy  and  grit* bbls. 

Pork bbls. 

Hams lbs. 


Heats 
Lard. 
Halt. 


lbs. 

lbs., 

: Hacks.. 

Oats sacks. , 

Oats  in  balk bush. 

Onions pkgs., 

Potatoes pkgs . 

Rye Hacks. , 

Rrein  bulk bush.. 

Sheep head.- 

Tallow lbs. 

Tobacco hhds.. 

Tobacoo,  manufactured lbs. . 

Wheat sacks . . 

Wheat  in  bulk bush.. 

Whisky bbls.. 

White  lead lbs. 

Herchandlse  and  sandr!e>s pkgs. , 


1890. 


1889. 


Total  tons. 


2,926 

3:1,127 

40,349 

577 


879,045 

94,761 

39,533 

77 

119,403 


201,964 


270 

173,970 

3,488 

1,834 

181 

4,778 

7,507 

791, 112 

13,606,078 

1,838,629 

362 

123,234 


2,246 

18,365 

1,378 


6 


489,363 
173 


2,909 

636,637 

1,091,650 


4,221 

33,484 

70,454 

237 


"V 


949,598 

79.656 

57,889 

29 

98,730 


172,931 


178,718 

3,290 

1,605 

266 

3,006 

7,894 

602,447 

7,877,798 

1, 671^846 

40 

112,348 


8,211 

12,153 

427 


860,829 
384 


2,546 

646,503 

1,036,339 


125,405  U4,815 


1888. 


4,351 

9,011 

18,340 

151 


389,057 
108,166 

28,882 
76 

06,868 


111,  141 


13 

173,006 

2,004 

1,885 

99 

8,803 

7,734 

916,066 

6,965.912 

2,008,792 

159 

09,319 


5,339 

18,882 

510 


2 

878,997 

490 


2.517 
004,324 
618,396 


82,715 


Shipment  of  bulk  grain  by  barges  to  New  Orleans  during  1890, 


Date. 


Jan.    4 

6 

9 

9 

10 

13 

14 

14 

17 

18 

21 

28 

27 

28 

81 

Feb.     1 

8 

6 

8 

U 

8 

12 

15 

17 

19 

21 

22 


Name  of  towboat. 


Hy  Choice  and  barges 

£.  M.  Norton  and  b^ges  . 
Sidney  Dillon  and  barges. 
Hy  Choice  and  barges .... 
£.  if.  Norton  and  barges  . 

Port  Bads  and  barges 

My  Choice  and  barges 

Sioney  Dillon  and  barges. 
Henrv  Loorey  and  barges 
My  Cnoice  and  barges 


do. 


Sidner  Dillon  and  barges. 
Jay  (joold  and  barges  — 
My  Choice  and  barges  . . . 
Sioney  Dillon  and  barges. 
Jay  Gould  and  barees  — 
Sioney  Dillon  and  barges. 
Jay  Goold  and  barges  — 
Hy  Choice  and  barges  . . . 
Jay  Goold  and  barges  — 
Sidney  Dillon  and  barges. 

do 

B.  H.  Norton  and  barges. . 

My  Choice  and  bfu*ges 

Sioney  Dillon  and  barges. 
Hy  Cnoice  and  barges — 
XL  M.  Norton  and  barges  . 
Oakland  and  barges 


Com. 


Btuh. 
64,161 


86,861 

90,499 

78,790 

134, 701 

132,606 

160,865 

158, 812 

142, 358 

81,062 

53,964 

80,145 

83.420 

72.480 

57,652 

133,039 

98,617 

163.039 

115,200 

117,000 

78,029 

155,750 

107,000 

146,318 

184,420 

104,000 

43,068 


Wheat. 


Hush. 
32,300 


49,305 


Oats. 


Balk 
grain. 


Bush. 


20,160 


Tons. 
2,700 


3,910 
2.534 
2,206 
8,740 
3,710 
4,210 
4,445 
3,986 
2,269 
1,510 
2,245 
2,335 
2,030 
1,610 
3,725 
2,711 
4,565 
3,225 
3,840 
2,183 
4,360 
2,996 
4,096 
8,766 
8,910 
1,206 


Other 
freight. 


Tons. 


1,3.% 


714 


1,160 


1,101 
540 


1,705 

i'ioi 


992 
936 


Total. 


1,085 


Tons. 
2,700 
1,350 
3,910 
2,536 
2,920 
3,740 
3,710 
4,210 
5.006 
3,986 
3,370 
2,050 
2,245 
2,335 
2.030 
3,315 
3,726 
8,815 
4,565 
3,236 
3,840 
8,176 
4,360 
8,980 

.  4^096 
31766 
2.  WO 

8i«» 
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Shipment  of  hulk  grain  hy  hargea  to  New  OrUana  dwring  1890 — Contiiiaed. 


Date. 


Fell. 


Mar. 


Apr. 


May 


June 


Jnly 


Aug. 


vpt. 


24 
27 
27 
28 
10 
U 
12 

15 

15 

17 

17 

19 

20 

21 

23 

27 

29 

1 
o 

5 
5 
8 
8 
31 
12 

le 

23 
23 
27 
28 
30 
30 
3 
7 
11 
12 
17 
18 
20 
22 
27 
38 

;)0 

31 

7 

7 

14 

21 

28 

6 

12 

12 

17 

23 

28 

26 

2 

2 

0 

16 

21 

23 

23 

28 

20 

30 

3 

3 

4 

8 

12 

13 

20 

20 

27 

4 

U 

18 


Name  of  towboat. 


Sidney  Dillon  and  barges. 

..-.do 

B.  M.  Norton  and  barges  . 

My  Choice  and  barges 

£.  M.  Norton  and  barges  . 
Sidney  Dillon  and  ba^;es. 
My  Cnoiee  and  barges .... . 
Sioney  DiUon  and  barges. 

Jay  Gonid  and  bargee 

H.M.  Hozie  and  b^gee  . . , 
My  Choice  and  barges. . . . . 
Sioney  Dillon  and  targes. 
Jay  GKrald  and  barges  .... 
My  Choice  and  barges  ... 
Sioney  Dillon  and  Mrges. 
My  Choice  and  barges  .... 
Sionev  Dillon  and  targes. 
My  Choice  and  targes  . ... 
Sidney  Dillon  and  barges. 

My  Choice  and  barges 

Sidney  DiUon  and  barges. 
Jno.  Gilmore  and  barges  . 
My  Choice  and  barges  . . . 
Sidney  Dillon  and  targes. 
Henry  Lonrey  and  borges 

My  Choice  and  barges 

Futnre  Ci^  and  barges. . . . 
Sidney  Dillon  and  burges. 

Wooos  and  barges 

Sidney  Dillon  and  targes. 
Jno.  Gilmore  and  barges  . . 
Sidney  Dillon  and  barges. 

Oakliad  and  barges 

Sidney  Dillon  and  bargee. 
Henry  Lonr^  and  barges 
Sidn^  Dillon  and  barges. . 

Jay  Gonld  and  barges 

Sicmey  Dillon  and  barges. 
Henry  Lonrey  and  barges 
SidneyDillon  and  barges. 
H.M  JSozie and  barge  — 
Sidney  Dillon  and  barges. 

Oakland  and  barges 

Sidney  Dillon  and  bxirges. 

My  Choice  and  barges 

Jno.  Gilmore  and  barges. . . 

My  Choice  and  barges 

....do 

.  ...do 

H.  M.  Ifoxie  and  barges  . . 

Oakland  and  barces 

Future  City  and  oarges  . . 
Sidney  Dillon  and  hargcn. 
Jno.  Oilmore  and  barges . . . 
Sidney  Dillon  and  barges. . 
Henry  Lonrey  and  barges 

Jay  Gould  and  bargee 

SianeyDlUon  and  barges. 
H.  M.'lHoxie  and  barges ... 
Sidney  Dillon  and  barges. 

do 

. . .  .do 

...do 

My  Choice  and  barges 

Sioi^  Dillon  and  targes. . 

My  Cnoioe  and  barges 

Sioney  Dillon  and  barges. 

— do 

Jay  Gonld  and  barges 

My  Choice  and  barges 

,  ...do.. 

Jay  Gould  and  barges 

My  Choice  and  targes .... 

do 

Jay  Gould  and  barges 

...do 

do 

....do.... 

.  ...^o...... 

Sidney  Dillon  and  barges. . 


Com. 


Buth. 

105,000 

72,800 

101, 676 

83,000 

74,750 

68,455 

86,200 

153,700 

153,700 

103,000 

145,000 

155,010 

115,000 

157,851 

100,000 

72,099 

99,053 

105,000 

156,243 

184,000 


152,000 


47,500 


86,044 


10,000 
45, 513 
50,000 
86,425 

128, 7U 
90,454 
50,081 

137, 149 
90,869 


96,866 
96,998 

148,000 
48,360 

151,621 
88,713 

147,474 
74,010 
83,143 
96,500 
50,000 

116, 350 

130,000 

'200, 002 
50, 000 
79,000 
82,000 

100,000 
73,000 
48,000 


Wheat 


Buth. 


15,160 
20,289 


39,463 

'so.'soi 


148,210 
47,188 
18,978 


92,402 
45,360 


42,830 
£9,886 


16,000 


Oats. 


Buth, 


39,960 


68,600 
44,000 


60,000 
40,000 
18,100 
65,000 
63,066 
59,437 
20,000 
60,000 


47,000 
64,889 


15,000 


100,000 


35,000 
20,000 


62,263 
60,000 


11,356 


86,195 


Bnlk 
grain. 


Tom, 
2,940 
2,026 
2,845 
2,823 
2,095 
1,916 
2,415 
4,305 
4,305 
2,886 
4,075 
4,840 
8,605 
4,420 
2,800 
2,650 
2,770 
2,940 
4,375 
3,752 
1,188 
4,255 
2,410 
1,830 
4,445 
8,820 
671 
280 
4,060 
2,760 
2,420 
8,606 
8,810 
1,403 
4,440 
2,745 


2,696 
3,195 
4,145 
1,355 
4,245 
2,490 
4,130 
2,074 
2,885 
2, 701 
1,400 
8,260 
3,640 
5,600 
4,570 
2. 210 
3,346 
3,400 
2,045 
3,210 
1,800 


340 


1,640 
1,230 


1,680 
1,120 

505 
1,820 
1,770 
1,665 

560 
1,680 


1,316 
1,800 


420 
1,086 


Other 
freight. 


Tont. 


1,112 


1,096 


1,164 


1,255 


2,060 
"i,"i86 


1,123 
1,092 


900 


1,659 
1,905 


1,630 


1,400 
2,742 


3,115 

i'sio 


2,840 


2,875 
'i,'726 


1,680 
2,230 
1,566 
1,215 
1,080 


1,630 
1,104 


1,200 
2,005 


1,610 
1,935 
2,086 


2,245 


620 
1,160 


1,840 


1,440 
1,764 


1,170 
1,210 
1,250 
650 
1,180 


XotaL 


Ton9» 
2,940 
2,025 
2,845 
8,435 
2,095 
1,916 
8,510 
4,805 
4,806 
4,060 
4,075 
4,340 
4,950 
4,420 
2,800 
4,710 
2,770 
4,125 
4,375 
4,875 
2,275 
4,255 
2,410 
2,230 
4,446 
8,820 
2,230 
2.185 
4,050 
2,760 
3,960 
8,606 
6,210 
4,145 
4,440 
2,746 
3,116 
2,695 
6,035 
4,146 
8,696 
4,246 
4,866 
4,130 
8,800 
2,885 
4,890 
8,630 
4,825 
4,856 
6,680 
4,570 
8,840 
4,540 
8,400 
8,245 
5,215 
1,800 
1,610 
2,275 
2,085 
1,640 
1,230 
2,245 
1,680 
1,740 
1,665 
1,820 
1,770 
1,665 
1,900 
1,680 
1,440 
3,080 
1,800 
1,170 
1,210 
1,260 
1,070 
2,218 
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•Shipment  of  h%\k  grain  by  harge$  to  New  Orlmuu 


i^dt^Con  tinned. 


Bate. 


Nor.    1 

8 

16 

17 

20 

22 

27 

Dec.    1 

3 

4 

6 

12 


Name  of  tavboat. 


Sidney  Billon  aod  barges 

. . .  .do 

. . .  .do 

Jay  Gonld  and  bargea 

Sidney  Dillon  and  barges 

Jay  Gould  and  barges 

do 

. . .  .do 

Sidney  Dillon  and  barges 

Jay  Gould  and  barget) 

Sidney  Dillon  and  bnrgos 

Sidney  Dillon,  My  Choice,  and 
barges 


Com. 


25,000 


15, 518 


18,050 


Total. 


8,717,840 


Wheat. 


Buth. 


71,709 
50,000 


50,000 
50,000 
75,000 


57, 512 
42,488 


1,409,440 


Oati. 


Buth. 
60,000 


Bulk 
grain. 


2biM. 
1,500 
2,150 
1,500 


1,600 
1,600 
2,250 
336 
1,710 
1,290 


450 


Other 
freight. 


8716 
860 


926 


1,040 
2,060 


89,900 


287,630 


84,868 


Tont. 
2.375 
3.000 
1,500 
980 
1,500 
2,425 
2,250 
1,250 
1,710 
1,290 
1.040 

2,610 


871, 


Appendix  D. 


report  of  captain  s.  w,  r0es8lbb,  corps  of  enoinbbrs,  upon  operations  in  ths 

first  and  second  districts. 

Untted  States  Enginsbr  OfficE; 

Memphis,  Tenn.,  June  fS6, 189U 

General:  I  have  the  honor  to  sabmit  the  following  report  of  operations  in  the 
first  and  second  districts  for  the  period  May  31,  1890,  to  May  31, 1S91. 

The  first  district  extends  from  the  mouth  of  the  Ohio  Riyer  to  the  foot  of  Island 
No.  40,  embracing  220  miles  of  river.  The  second  district  ext^ids  ftom  the  foot  of 
Island  No.  40  to  the  mouth  of  White  Biver,  a  distance  of  173  miles.  Works  of  im- 
provement have  been  executed  at  various  points  and  will  be  noted  in  order,  beginning 
at  the  upper  end  of  the  districts. 

The  districts  were  in  charge  of  Capt.  Smith  S.  Leaoh,  Corps  of  Engineers,  to  June 
19, 1890,  and  have  been  in  my  charge  since. 

COLUMBUS,  KBNTUCKT. 

The  act  of  August  5, 1886,  appropriated  $18,750,  and  the  act  of  Angost  11, 1888, 
$25,000,  for  work  at  this  point.  The  object  for  which  the  appropriations  w^ere  made 
was  to  protect  the  town  of  Columbus  ^m  threatening  danger  of  destruction  on  ac- 
count of  rapid  caving  of  the  bank  in  its  front. 

The  project  prepared  by  the  district  officer  for  this  purpose  and  as  approved  by  the 
Conmussion  and  the  Secretary  of  War,  provided  for  the  construction  or  five  crib  dikes 
of  brush  and  stone  so  spaced  apart  as  to  protect  about  2,200  feet  bank  where  the 
caving  was  most  threatening.  Each  dike  consisted  of  (1)  a  foot  mat  200  feet  long 
up  and  down  stream  and  extending  frx)m  the  zero  contour  300  feet  out  into  the  river 
and  (2)  a  single  brush  crib,  28  feet  wide  and  8  feet  high,  placed  with  its  center  line 
12  feet  upstream  of  the  center  line  of  the  foot  mat,  and  extending  from  the  upper 
edge  of  the  mattress  to  a  point  240  feet  beyond  the  low-water  contour. 

During  the  working  season  of  1889-^90,  Dikes  Nos.  4  and  5  were  completed,  and  the 
foot  mat  of  Dike  No.  3  and  shore  half  of  the  foot  mat  of  Dike  Ko.  2  were  laid. 

Preparations  for  completing  the  work  were  commenced  in  August,  1890.     Pro- 

Sosals  for  brush  and  poles  were  opened  August  7,  Bryant  A,  Flokett,  of  Hickman, 
\y,,  receiving  the  contract  at  $1.05  per  cord  for  brush  and  $1.60  per  cord  for  poles. 
The  first  tow  of  plant  left  Plum  Point  August  30,  and  the  last  tow  was  delivered  at 
Columbus.  September  14,  considerable  delay  being  caused  by  the  bursting  of  fiues 
in  the  boilers  of  the  steamer  Titan  on  three  separate  occasions.  Grading  was  com- 
menced September  6,  at  the  site  of  Dike  No.  1.  The  construction  of  the  mat  for  Dike 
No.  1  was  commenced  September  19,  and  by  October  20  tJie  dikes  were  completed  as 
projected,  excepting  the  crib  of  Dike  No.  3,  which  was  omitted  on  account  of  lack  of 
funds.  The  location  of  the  work  and  the  details  and  dimensions  of  the  dikes  are 
graphically  represented  on  the  accompanying  sketch.* 


Not  printed. 


APPENDIX  ZZ ^REPORT  OF  MI^L8»IPPI  RIVEK  COMMISSION.      3581 

The  conditions  were  not  favorable  for  doing  the  work  economically.  Fair  proffress 
only  was  made  on  account  of  delays  incident  to  rainy  weather,  high  water,  and  cuift. 
Under  more  &vorable  circamstanoes  there  wonld  have  been  a  sufficient  amount  of 
momor^  left  to  boild  the  crib  of  Dike  No.  3  also,  but  the  omission  of  this  crib  does  not 
impair  the  efficiency  of  the  system.  On  the  contrary,  it  is  in  one  sense  an  advantage, 
as,  from  the  proposed  location,  it  would  have  formed  an  obstruction  to  boats  ap- 
proaching the  regular  landing. 

An  itemized  s&tement  of  expenditures  is  herewith,  as  well  as  the  usual  fiscal 
statement. 

HICKMAN,  KENTUCKT. 

The  improvement  at  this  point  consists  of  1,000  feet  of  continuous  revetment  of 
brush  and  stone,  extending  n'om  the  lower  side  of  the  indurated  clay  point  which 
proiecte  into  the  river  to  a  point  near  the  old  railroad  depot.  This  revetment  was 
buut  in  the  fall  of  1889.  and  is  fnlly  described  in  last  year's  annual  report.  No  work 
has  been  done  during  the  current  nscal  year.  The  stone  which  h#i  been  purchased 
for  the  extension  of  this  revetment  and  stored  on  the  bank  above  the  town  has  been 
used  in  the  Osceola  bar  revetment  to  avoid  transferring  it  back  farther  from  the 
river,  which  woxild  have  been  necessary  on  account  of  rapid  caving  of  the  bank. 
An  inspection  of  the  revetment,  made  by  William  M.  Rees,  assistant  engineer,  when 
the  river  had  fjEhllen  to  about  two-thirds  staee,  shows  that  the  shore  mattress  had  sus- 
tained no  injury  excepting  at  the  lower  end,  where  it  had  been  slightly  undermined 
by  eddy  action. 

At' the  close  of  the  last  fiscal  year  there  remained  a  balance  of  $48,647.78  to  the 
credit  of  this  work.  To  this  has  been  added  $500  by  allotment  from  the  river  and 
harbor  aot,  approved  September  19, 1890.  It*  is  proposed  to  make  a  survey  of  the 
locality  during  the  coining  low-water  season  to  determine  how  the  funds  can  be 
applied  to  the  best  advantage. 

NEW  MADRID  BBAOH. 

An  allotment  of  $1,000  was  made  out  of  the  river  and  harbor  act  approved  Septem- 
ber 19, 1890,  for  the  purpose  of  making  a  sunr^ey  of  this  reach  with  special  reference 
to  the  caving  in  progress  in  the  vicinity  of  New  Madrid.  This  survey  will  be  made 
during  the  coming  low- water  season. 

FLUM  POnn*  REACH. 

The  portion  of  river  included  under  this  head,  as  designated  by  the  Commission, 
extendbs  from  the  head  of  Island  No.  26, 147  miles  below  Cairo,  to  the  head  of  Island 
No.  35,  a  distance  of  40  miles.  The  improvements  which  have  been  made  under  this 
title  up  to  the  present  time  extend  over  a  distance  of  20  miles  of  river,  beginning  at 
a  point  1  mile  above  Daniel  Point  and  ending  near  Craighead  Point. 

At  the  beginning  of  the  fiscal  year  there  were  no  funds  available  for  continuing 
the  improvement  in  this  reach,  excepting  a  small  balance  for  the  completion  of  the 
dikes  in  Elmot  Chute  and  the  chute  of  Island  No.  30. 

An  allotment  of  $297,500  became  available  out  of  the  river  and  harbor  appropria- 
tion approved  September  19^  1890,  which  was  subsequently  reduced  to  $172,500  by 
the  witndrawal  of  $125,000  for  use  in  high-water  protection  of  levees.  The  amount 
so  withdrawn  was  restored  out  of  the  appropriation  approved  March  3, 1891,  and  an 
additional  allotment  of  $322,500  was  made,  making  a  total  of  $622,500  available  for 
continuing  the  improvement,  which,  according  to  the  expressed  wish  of  the  Commis- 
sion, was  to  be  applied  to  the  following  objects,  and  in  amounts  approximately  as 
stated: 

Daniel  Point  revetment,  extension  of,  upstream $22,000 

Ashport  Bend  revetment 366, 500 

Fletcher  Bend  revetment,  completion  of 75,000 

Osceola  Bar  revetment 119, 000 

Repair  of  dikes  in  chutes  of  Elmot  towhead,  and  of  Island  No.  30,  or  cou- 

strnetion  of  a  dam  in  Qold  Dust  Chute 40,000 

622,500 

In  addition,  an  allotment  of  $130,500  became  available  out  of  the  appropriation  act 
^proved  September  19, 1890,  for  tne  repair  and  reconstruction  of  tlie  consolidated 
iant  belonging  to  the  first  and  second  districts. 

REVETMENT  AT  IX>WKK  END  OF  OSCKOLA   BAR. 

Kt  the  time  the  first  alloiuieut  lM*r:iiiiu  availuble  the  revctnu'.nt  of  the  lower  cnid  of 
s  bar  had  become  the  most  urgent  work  in  the  reach.    The  rapid  caviug  tlieu  in 


1 


3582      REPORT   OF   THE   CHIEF   OF   ENGIKEERS,  U.  S.  ARMY. 

progress,  and  which  had  been  very  active  since  the  flood  of  1890,  threatened  to  carry 
away  the  entire  lower  end  of  the  bar  and  to  reopen  Bollerton  Chute,  the  dikes  of 
which,  having  become  weakened  by  age^  were  in  no  condition  to  stand  a  heavy  strain ; 
an  event,  had  it  occurred,  which  womd  have  destioved  at  one  blow  all  the  good  re- 
sults obtained  from  the  Osceola  Bullerton  system  of  dikes  built  in  the  earlj  hiatozy 
of  the  Plum  Point  iinprovement.  Therefore  all  the  work  which  it  was  possible  to  do 
in  this  reach  in  the  few  months  remaining  before  the  beginning  of  the  high  water 
season  was  done  at  this  point. 

The  project  for  the  protection  of  this  bank  as  submitted  by  the  district  officer  and 
as  linaUy  approyed  by  the  Commission  and  tiie  Secretary  of  War,  provide  d  for  a  con- 
tinuous revetment  of  brush  and  stone  mattress,  beginning  at  the  head  of  Bullerton 
towhead  and  extending  7,000  feet  ujMtream,  terminatmg  at  the  upp^  limit  of 
caving. 

On  my  return  to  Memphis  after  the  October  meeting  in  New  York,  I  immediately 
commenced  preparations  for  executing  the  work,  but  there  being  no  reserve  stone 
supply  in  the  rea/!h  that  could  be  drawn  on,  the  date  of  beginning  active  field  work 
was  deferred  until  there  was  enough  stone  in  sight  to  sink  the  first  mattress  after  it 
should  be  completed.  Grading  with  the  hydraulic  jet  was  commenced  November  8 
with  one  pile  ariver,  and  on  the  11th  hydraulic  grader  No.  2  was  put  in  commission. 

The  consiaruction  of  the  first  mattress,  1,100  feet  lon^,  was  commenced  on  Novem- 
ber 14  and  completed  December  2,  but  owing  to  nonamval  of  stone  was  not  sunk  till 
December  4.  The  second  mat,  1J200  feet  long,  was  commenced  December  8  and  com- 
pleted and  sunk  on  the  19th.  A  second  revetment  party,  having  completed  the  re- 
pairs to  the  Hopefield  Bend  revetment,  commenced  the  construction  of  the  third 
mat,  1,100  feet  long,  on  the  23d,  and  as  soon  as  500  feet  of  mat  had  been  built  the 
fourth  mat  was  commenced  by  the  first  party  on  the  SOth.  Mat  No.  3  was  sunk  on 
January  5,  and  mat  No.  4  on  January  13. 

In  details  of  construction  the  mat  work  was  the  same  as  that  used  at  Daniels 
Point,  the  shore  extension  being  built  simultaneously  with  and  woven  into  the  river 
mat  before  sinking.  At  parts  of  mats  Nos.  3  and  4  this  method  could  not  be  fol- 
lowed on  account  of  the  low  banks,  which  were  almost  submerged  by  the  rapidly 
rising  river.  Here  connecting  mats  were  resorted  to,  which  were  sunk  February  3, 
after  being  afloat  some  days  on  account  of  nonarrival  of  stone. 

In  addition  to  the  regular  bank  protection,  4  brush  and  stone  cribs  were  con- 
structed to  close  small  chutes :  One  between  head  of  Bullerton  Towhead  and  small 
towhead.  100  feet  long,  20  feet  wide,  and  11  feet  high ;  one  between  head  of  Buller- 
ton Towhead  and  foot  of  Osceola  Bar,  312  feet  long,  35  feet  wide,  and  5  feet  high ; 
one  opposite  Mat  No.  3,  100  feet  long,  40  feet  wide,  and  4  feet  high ;  and  one  100  feet 
long,  32  feet  wide,  and  3  feet  hi^h,  near  the  upper  end  of  the  bank  revetted.  The 
cribs  were  all  placed  on  foundation  mattresses  of  snflicient  width  to  prevent  under- 
mining by  scour.  The  small  towhead  at  the  head  of  Bullerton  Towhead  was  re- 
vetted at  the  upstream  salient,  where  it  was  exposed  to  the  full  force  of  the  current. 

From  the  verv  beginning  of  the  work  exceptional  difficulties  were  encountered, 
caused  principally  by  high  water  and  drift.  The  latter  was  very  troublesome  and 
it  would  have  been  impossible  to  construct  and  sink  with  safety  any  one  of  the 
four  river  mattresses  built  during  the  season  without  the  aid  of  a  drift  boom, 
located  above  the  mooring  bargcH,  to  arrest  and  deflect  the  mass  of  the  drift  and 

Srevent  its  lodgment  at  the  head  of  the  mat.  The  most  difficult  experience  occurred 
uring  the  rise  which  culminated  November  23.  On  this  date  the  river  was  fairly 
covered  with  drift,  and  in  order  to  save  the  first  boom  and  the  mat  already  con- 
structed, it  was  found  necessary  to  throw  out  a  second  boom  some  distance  above 
the  first  one.  On  this  occasion  the  entire  force  was  occupied  two  days  in  fighting 
drift. 

Mr^Nolty,  assistant  engineer,  was  in  immediate  charge  of  this  work  and  it  is  to 
his  credit  that  no  mattresses  were  lost  under  the  great  difficulties  with  which  he  had 
to  contend.    His  report  is  hereto  appended. 
The  following  is  the  result  of  the  season*^  work  at  this  point : 

Length  of  bank  protected feet..  4^500 

Number  of  subaqueous  mattresses 4 

Dimensions  of  subaqueous  mattresses  Nos.  1,  3,  and  4 feet . .  1, 100  by  200 

Dimensions  of  subaqueous  mattress  No.  2 do...  1,200  by  200 

Dimensions  of  shore  mattresses  (average) do...  4,500  by   60 

Crib  work cubic  yards..  3,933 

Foundation  mats  for  cribs  (estimated) square  yards . .  3, 000 

The  total  expenditure  to  date  on  account  of  this  work  is  $68,389.67,  or  $15.15  per 
linear  foot.  This  does  not  include  any  charge  for  office  expenses  which  have  not  at 
this  writing  been  distributed  among  the  different  allotments.  Considering  the  dif- 
ficulties of  the  work,  the  cost  compares  very  favorably  with  that  of  similar  work 
done  in  former  seasons. 
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Three-fifths  of  the  stone  nsed  was  supplied  by  the  general  service,  the  quarry 
price  being  66  cents  per  cubio  vard.  The  remainder  was  obtained  j&om  the  supply 
at  Hickman,  and  by  open  market  purchase,  at  $1.65  per  cubio  yard,  delivered  on 
barfi^es  at  the  work. 

Tne  brush  and  poles  were  obtained  by  an  open-market  purchase,  the  work  not 
permitting  the  delay  of  an  advertisement.  The  prices  paid  were  $1.02  per  cord  for 
brush  and  $1.65  per  cord  for  poles.  ' 

An  inapection  of  the  revetment  since  the  late  flood  shows  it  to  be  in  perfect  condi- 
tion, mien  active  field  operations  were  discontinued  in  February  it  was  feared 
that  a  part  of  &e  upper  end  might  be  lost  during  the  flood,  as  the  current  seemed 
to  set  in  strongest  iftt  that  point.  Happily,  these  fears  have  not  been  realized,  due 
to  the  fact  that  the  middle  ground  between  Osceola  Bar  and  Plum  Point  has  ex- 
tended itself  downstream  several  hundred  yards,  causing  the  current  to  exert  its 
maximum  attack  at  a  point  lower  down  on  the  revetment.  In  view  of  this  change 
in  the  position  of  the  channel  crossing,  it  is  probable  that  a  lesser  length  of  revet- 
ment thflfti  originally  contemplated  will  suffice  to  check  all  the  caving  at  this  point. 
From  present  indications  I  am  of  the  opinion  that  the  upper  1,000  leet  of  the  pro- 
posed revetment  can  be  safely  omitted. 

The  usual  exhibit^  giving  the  expenditures  for  stone,  brush,  labor,  etc.,  is  sub- 
mitted herewith. 

DIXE8  IN  KLMOT  AND  ISLAND  NO.  80  CHUTES. 

The  last  annual  report  of  the  district  officer  reported  these  dikes  within  a  few  days 
of  completion.  Elmot  Chute  Dike  was  completed  June  12, 1890.  In  Island  80  Chute, 
the  last  220  feet  of  the  dike,  where  it  crosses  the  deepest  water,  had  not  been  entirely 
finished  when  the  incomplete  work  was  broken  through  bv  the  pressure  of  drift  on 
June  2.  The  depths  ranging  from  16  feet  below  zero  at  the  upstream  row  of  piles 
to  57  feet  below  at  the  downstream  row,  the  continuation  of  the  dike  on  the  old  line 
was  deemed  impracticable  and  a  new  line  was  selected,  in  the  form  of  a  redan,  with 
the  apex  about  75  feet  upstream  of  the  front  row  of  piles  of  the  standing  dike.  This 
location  brought  the  new  structure  into  comparatively  shoal  water.  As  the  original 
foot  mattress  extended  75  feet  above  the  dike,  no  new  mattresses  were  thought  ne- 
cessarv.  The  work  of  closing  this  gap  was  commenced  July  7  and  completed  July 
25.  Tne  new  work  was  built  on  the  original  design  but  was  given  greater  strength 
by  the  insertion  of  a  second  set  of  horizontal  braces  placed  on  the  level  of  mid  stage. 

Elmot  Chute  Dike  remained  intact  until  November  24,  on  which  date  the  drift  broke 
through  where  the  structure  crossed  the  deepest  water,  or  about  400  feet  from  Elmot 
Bar  shore.  It  is  noted  that  this  event  occurred  the  day  following  that  on  which  so 
much  difficulty  was  experienced  in  saving  Mat  No.  1,  at  Osceola  Bar,  from  destruc- 
tion by  the  large  quantity  of  drift  which  came  down  on  that  day.  The  gap  thus 
made  was  about  125  feet  wide,  and  the  adjacent  portions  of  the  standing  dike,  espe- 
cially that  next  to  Elmot  Bar.  were  badly  broken  up.  Owing  to  the  unfavorable 
conditions  of  high  water  ana  presence  of  floating  drift,  the  work  of  closing  the 
gap  was  not  commenced  till  December  16.  The  depths  being  too  great  to  continue 
the  dike  on  the  original  line,  the  new  work  was  given  the  form  of  a  redan  so  as  to 
bring  the  structure  on  moderately  shoal  ground.  An  additional  set  of  horizontal 
braces  was  inserted  at  the  level  of  mid  stage,  and  the  adjacent  portions  of  the  stand- 
ing dike  were  strengthened  in  the  same  way.  Process  was  slow,  being  greatly 
retarded  by  rising  river,  rapid  current,  and  floating  drift,  and  the  work  was  not  com- 
pleted till  February  5. 

The  completed  dike  in  chute  of  Island  30  remained  intact  until  February  3. 1891, 
on  which  date  the  accumulated  drift  a^^ain  broke  through,  destroying  nearly  the 
whole  of  the  new  work  built  in  July,  18%,  and  leaving  a  gap  about  2^  feet  wide, 
with  the  ends  of  the  standing  dike  badly  broken  up.  After  this  second  failure  I  en- 
tertained serious  doubts  as  to  the  ability  of  any  pile  dike  of  ordinary  strength  to 
resist  the  pressure  of  the  drift  that  was  likely  to  accumulate  against  it,  and  no  steps 
were  taken  to  close  the  gap.  The  strong  current  which  was  maintained  through  the 
gap  during  the  remainder  of  the  flood  has  caused  a  deep  excavation  within  and 
below  the  ^ap.  Considerable  caving  also  has  taken  place  along  the  bank  below  the 
g*"*),  resulting  In  the  destruction  of  about  2^000  feet  of  the  Plum  Point  Levee. 

m  February  16  a  second  break  occurred  in  Elmot  Dike  adjacent  to  Island  No.  30 
si  »re,  where  a  high  deposit  had  previously  been  formed  and  no  danger  anticipated. 
T  '^o  hundred  feet  of  dike  was  carried  away  at  this  point,  together  with  bank  revet- 
n  ot  above  and  below  the  dike.  After  the  destruction  of  the  revetment  the  bank 
CI  ed  in  rapidly,  enlarging  the  opening  to  a  width  of  300  feet  before  the  subsidence 
0;  he  flood.  On  March  10  a  third  gap  occurred  in  Elmot  Dike,  which  widened  to 
3!  •  feet  before  the  end  of  the  flood.  This  break  also  occurred  at  a  point  where  a 
h    h  deposit  existed  above  and  below  the  dike. 

ftor  the  destruction  of  the  new  repair  work  in  the  dike  of  Island  30,  no  further 
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attempts  were  made  to  maintain  the  dikes  dnrinflr  the  remaining  period  of  the  flood,   i 
and  subsequent  events  proved  this  to  have  been  the  best  course  to  follow.  ' 

llie  acompanyinfi^  sketch*  of  a  survey  made  April  d-15y  1891,  shows  the  locatioiu 
and  dimensions  of  the  existing  gap,  and  the  scour  produced  in  the  bed  and  banks. 
A  comparison  of  this  map  with  previous  surveys  indicating  that  the  effect  of  the 
dikes  as  a  whole  has  been  beneficial  in  producing  a  deposit  of  some  extent  in  ehan- 
nels  above  them,  a»  far  as  the  Gold  Dust  system  of  dikes. 

I  have  closely  examined  both  dikes  since  the  flood,  and  I  am  of  the  opinion  that  it 
will  not  be  expedient  or  economical  to  endeavor  to  close  the  chutes  by  r^airinc  the 
old  dikes,  even  if  another  attempt  at  closure  should  be  made  witii  some  form  of  pile 
dike.  There  are  no  suitable  sites  for  the  new  structures  which  would  be  required  to 
close  the  existing  gaps,  and  the  completed  dik«5  would  still  be  a  weak  and  uncertain 
one.  however  strong  the  new  portions  might  be  made.  •[ 

Taking  the  above  facts  in  connection  with  the  experience  gained  in  Bullerton  >| 
Chute,  the  conclusion  is  evident  to  my  mind  that  pile  dike  strncturos  are  not  suit-  '' 
able  to  close  channels  of  considerable  dimensions,  such  as  the  two  under  XM>n8ider-  , 
ation,  where  drift  is  liable  to  accumulate  in  large  masses.  They  have  proved  very  ij 
efficient  in  contracting  a  channel  to  smaller  widths,  and  on  sites  where  tne  tendency  *■ 
to  deposit  already  existed,  and  where  the  flow  of  drift  was  a  minimum,  also,  in  closing  '  I 
small  side  channels  where  but  little  drift  was  liable  to  run.  But  as  structures  for 
closing  large  chutes  they  have  never  possessed  the  requisite  strength  to  resist  drift,  J 
and  to  this  extent  have  oeen  unsuccessful. 

In  compliance  with  a  resolution  of  the  Commission  passed  at  tha  March  meetiiig, 
a  project  is  being  prepared  for  arresting  the  flow  through  both  chutes  by  closing 
their  common  tributary,  Gold  Dust  Chute,  in  the  vicinity  of  ranj^  19,  shown  on  the 
accompanying  sketch.*  In  designing  the  new  dike,  the  central  idea  will  be  t^he  use 
of  a  solid  dam  of  brush  and  stone,  similar  to  that  used  in  improving  Alton  Harbor 
about  1881.  I 

An  allotment  of  $40,000  made  at  the  March  meeting  of  the  Commisflion  Btarnds  to    | 
the  credit  of  this  work. 

DANUEUS  POINT  REVICTMENT. 

The  improvement  at  this  point  consists  of  a  continuous  revetment  of  brush  and 
stone,  beginning  at  the  extreme  lower  end  of  a  long  caving  bend  and  extending 
5f300  feet  upstream.  It  is  fully  described  in  the  last  annual  report  of  the  district 
officer. 

After  the  subsidence  of  the  flood  of  1890  it  was  found  that  the  extreme  upper  end 
of  the  revetment  had  been  slightly  undermined  by  caving  in  the  bank,  ana  that  at 
a  point  several  hundred  feet  below  the  upper  end  the  bank  seemed  to  have  wflnhed 
out  from  underneath  the  revetment,  causing  the  latter  to  settle  several  feet  below 
grade,  but  producing  no  rupture  in  toe  mattress.  An  inspection  of  the  work  since  i 
the  flood  of  1891  shows  a  rupture  in  the  revetment  where  the  settling  had  occurred 
last  year,  but  no  additional  injury  is  noted  at  the  extreme  upper  ena  of  the  revet- 
ment, where  the  caving  in  the  unprotected  bank  seems  to  have  ceased  for  a  distance 
of  several  hundred  feet.  With  these  exceptions  the  revetment  remains  in  perfect 
condition. 

The  proposed  work  for  the  current  year  is  an  extension  of  the  revetment  a  distance 
of  500  or  ^00  feet  upstream,  so  as  to  secure  the  present  head  of  the  revetment  which 
on  account  of  the  caving  of  the  unprotected  bank  has  assumed  a  salient  position 
with  respect  to  the  bank  above.  It  is  proposed  to  expend  about  $12,000  on  this  ex- 
tension and  in  repairing  the  rupture  in  the  mattress  above  noted.  The  balance  ot 
the  $22,000  allotted  for  this  point  it  is  proposed  to  hold  in  reserve  for  possible  use 
another  season,  to  extend  the  work  of  this  season  should  it  in  time  become  endangered 
by  the  caving  of  the  bank  above  it. 

▲SHPORT  BE10>. 

The  caving  in  this  bend,  though  never  very  rapid,  has  been  active  throughout  the 
year.    A  comparison  of  the  surveys  of  October,'  1^,  and  May,  18^1,  of  whioS  traci 
are  furnished  nerewith,*  shows  that  during  this  interval  the  caving  extended  ovi 
distance  of  15,400  feet,  beginning  at  a  point  about  4.400  feet  below  Ashport  Li] 
and  ending  at  Gold  Dust.    The  most  active  caving  nas  taken  place  in  the  viciu  niug 

of  range  iS  and  range  26-f  900,  being  300  feet  at  the  former  and  200  feet  at  the  lati  '  ||f  j 

The  shape  which  the  bend  now  has  is  a  suitable  one  to  hold  as  a  permanent  bii 
line,  and  for  this  reason  the  Commission  has  made  allotments  aggregating  $966,1 
to  revet  the  entire  bank  between  Ashport  and  Gold  Dust,' or  so  much  of  it  as  may 
iier«NS8ary.    It  is  exp«'ctcd  to  complete  this  work,  or  nearly  so,  during  the  couii 
iii*aHon,if  the  coiHUtious,  mainly  of  weather  and  stage  of  river,  prove  favorable.  j|^ 

*>iot  )»rinto(l. 
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VIJCTCflEB  BEND  RKVKTMKNT. 

The  revetmeutB  in  place  at  the  time  of  the  last  annnal  report  are  known  as  sec- 
tions A,  By  C,  D,  and  £.  Section  A  is  a  oontinaons  revetment  7^800  feet  long,  and 
protects  the  npper  end  of  the  bend.  Section^  B,  C,  D^  and  £  protect  the  lower  end 
of  the  bend,  and  taken  together  constitute  the  esqperimental  interrupted  system  of 
KFetment  anthoiized  by  the  Commission  with  the  view  of  ascertaining  whether 
abort  intervals  of  unprotected  bank  might  not  safely  be  left  between  blocks  of  cou- 
tinuonB  revetment,  tnus  decreasing  the  cost  of  a  given  length  of  protection.  The 
iBtenrid  between  sections  B  andC  is  300  feet;  C  and  D,  400  feet;  D  and  E,  500  feet. 
As  waa  to  be  expected,  some  caving  has  taken  place  in  the  unprotected  intervalH, 
Imt  not  to  any  serious  extent.  The  lower  end  of  section  E  has  been  undermined , 
ind  it  is  probable  that  an  extension  of  this  block  a  short  distance  downstream  may 
be  necessary.  While  the  interrupted  system  has  safely  stood  the  effects  of  two 
floods,  it  hais  at  no  time  been  subjected  to  a  strong' attack  of  the  curreut,  and,  there- 
&re,  no  conclusion  can  safely  be  drawn  as  to  its  efficiency  in  very  exposed  situa- 
tkms.    Section  A  remains  uniigured. 

The  xebaUastiiig  of  the  shore  mats  of  sections  B,  C,  D,  and  E  is  in  progress  at 
present  writing.  This  work  was  authorized  by  resolution  of  the  Commission,  and 
will  be  paid  for  out  of  the  allotment  for  care  and  preservation  of  existing  works. 

The  work  authorized  for  the  current  year,  and  for  which  an  allotment  of  $75,000 
18  available,  is  the  revetment  of  the  unprotected  interval,  3,800  feet  long,  between 
flections  A  and  B.  The  stone  required  at  this  point  is  nearly  all  delivered  and  stored 
on  the  bank  at  section  A,  and  the  brush  and  poles  have  been  advertised  for. 

CONDITION  OF  WORKS  IN  THE  REACH  NOT  ALLUDED  TO  IN  THE  FOREGOING  PAGES. 

The  condition  of  the  Gold  Dust  and  Yankee  Bar  systems  of  dikes  remains  sub- 
stuitii^y  the  same  as  at  the  date  of  the  last  annual  report.  No  new  injuries  that 
are  noticeable  have  taken  place  during  the  year. 

The  remnant  of  tue  old  Osceola  Bullerton  Dike  at  foot  of  Osceola  Bar  was  removed 
in  August,  1890,  by  the  U.  S.  snag  boat  H,  G,  Wright,  it  having  become  a  serions 
obfltacue  to  navigation  by  the  caving  away  of  the  bank  behind  it.  With  this  excep- 
tion, the  Osceola  system  of  dikes  remains  unchanged. 

Bullerton  Cross  Dike,  No.  2,  which  maintains  the  closure  of  Bullerton  Chute,  has 
receive  no  new  injury  during  the  year.  The  revetment  of  Bullerton  Towhead  and 
the  piece  of  revetment  near  toe  center  of  Osceola  Bar  remain  unchanged ;  neither 
bas  been  subjected  to  any  strain.  The  injury  to  the  lower  end  of  the  Plum  Point 
revetment  has  been  increased  to  a  slight  extent  by  the  caving  in  progress  in  the 
unprotected  bank,  but  the  added  damage  is  not  sufficient  in  amount  to  give  any 
a|iprehension  as  to  the  safety  of  this  work,  especially  in  view  of  the  fact  that  %\m 
maximnm  attack  of  the  current  has  been  transferred  from  the  revetment  to  a  point 
on  the  bank  some  distance  below. 

SURVEYS  AND   OBSERVATIONS. 

Two  complete  hydrographic  surveys  of  the  reach  have  been  made  during  the 
year,  one  in  October,  1^,  the  other  in  May,  1891. 
)j  TriMsings  of  these  surveys  are  herewith.*    The  routine  weekly  observations  for 

depths  and  velocities  at  the  shoal  crossings  have  been  coutiniKMl,  exco])t  during  the 
times  when  the  survey  party  was  employed  elsewhere*  The  reHiilts  of  thofie  observa- 
tions  are  given  in  a  table  accompanying  this  report.  It  will  be  note  J  that  Gold  Dust 
Ciosfiing  has  been  added  to  the  list  of  shoal  places  heretofore  included  in  the  weekly 
examinations. 

CHANGES  IN  THE  BED  OK  THE   RIVER. 

A  comparison  of  the  survey  of  October,  1890,  with  that  of  May,  1891,  shows  that 

ortant  changes  in  location  and  positions  of  the  channel  have  taken  place  during 

late  flood.    The  changes  in  the  positions  of  the  crossings  may  be  inferred  from 

positions  of  the  Government  lights  before  and  aft/or  the  flood.    Ashport  Light  has 

1  moved  downstream  900  feet;  Fletcher  Light,  300  feet;  New  Haven  Lignt,  600 

;  Plum  Point  Light,  1,000  feet:    Osceola  Bar  Light,  2,300  feet;    Yankee  Bar 

ight.  l,900feet ;  Pete's  Li^ht,  1,400  leet.     Gold  Dust  Crossinff,  while  it  has  not  matevi- 

r  cnanged  its  position,  is  not  as  clearly  defined  as  the  otlieiH  in  the  reach.    This 

I  the  main  trouble  with  this  crossing  last  year,  and  will  probably  be  attain  this 

r.     This  was  also  the  shoalest  crossing  in  the  reach  at  the  time  of  the  lant  routine 

irvations  taken  on  May  25,  1891,  the  least  channel  depth  being  13  feet  at  7.7-foot 

^t  printed. 
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stage.  From  Fletcher  Light  to  the  foot  of  the  nnpreteoted  bank  in  this  bend  the 
ohfumel  follows  closely  the  Arkansas  shore.  But  from  the  latter  point  to  a  point 
near  the  middle  of  the  Island  30  Crossing  there  now  exists  2  channelB,  a  new  one 
more  or  less  distinct  having  developed  on  the  Elmot  Bar  side  of  the  river.  The 
main  channeli  as  heretofore,  continues  down  the  Arkansas  shore  to  New  Haven  Lisht, 
but  from  the  shape  which  the  unprotected  piece  of  bank  referred  to  has  taken,  wMoh 
is  favorable  towards  the  maintenance  and  development  of  the  auxiliary  channel, 
a  radical  change  in  the  location  of  the  thalweg  in  this  vicinity  may  be  anticipated. 
Plum  Point,  Osceola  Crossing,  has  moved  about  one-half  mile  downstream.  Buller- 
ton  Channel  has  practically  disappeared  by  the  complete  shoaling  of  the  upp^  en6., 
while  Bnllerton  Gap  at  the  foot  of  the  towhead  shows  an  enlargement.  The  bars 
and  middle  grounds  show  changes  corresponding  to  the  changes  noted  in  the  position, 
of  the  channel.  Considerable  accretions  have  taken  place  at  the  foot  of  Island  30, 
and  a  corresponding  amount  of  scour  has  taken  place  in  the  middle  bar  opposite. 
The  tail  of  the  latter  has  made  downstream  about  2,500  feet.  The  bar  between  the 
former  Bullerton  Channel  and  the  main  channel  has  been  very  considerably  dimin- 
ished in  height  and  width,  and  there  has  been  a  corresponding  approach  of  the  main 
channel  to  the  Bullerton  shore.  The  survey  of  May,  1891,  was  made  at  a  medium 
stage  and  on  a  falling  river  before  the  latter  had  begun  to  adjust  itself  to  low- water 
conditions,  but  I  thmk  its  indications  may  be  accepted  as  showing  a  decided  ten- 
dency in  the  channel  to  resume  its  former  course  close  to  and  paraUel  to  Bullerton 
shore,  and  to  cross  to  the  mainland  by  what  is  now  known  as  Bullerton  Gap. 

MKMPHIS  HARBOR. 

During  the  low-water  season  of  1890,  the  sum  of  $4,802.33  was  expended  in  diedgingp 
a  channel  through  the  bar  to  the  elevator. 

Work  was  commenced  August  23  and  continued  through  September  and  a  port  of 
October.  The  dredge,  whicn  was  a  modified  form  of  the  clam-shell  type,  aid  not 
ptove  suitable  for  the  work,  but  wae  the  best  one  available  at  the  time.  The  material 
excavated  was  very  tenacious  and  the  weight  of  the  digger  was  insufficient  to  cause 
it  to  settle  far  enough  down  to  bring  up  a  full  load.  The  work  was  done  as  an  open 
market  transaction,  at  a  price  of  $85  per  day  for  10  hours'  work.  As  the  river  did  not 
reach  a  very  low  stage  during  the  season,  the  progress,  though  slow,  proved  sufficient 
to  prevent  any  interruption  m  the  steamboat  traffic  to  the  elevator. 

Upon  completion  of  the  work  at  Columbus,  Ky.,  the  revetment  plant  there  used  was 
transferred  to  Hopefleld  Bend,  to  repair  a  piece  of  revetment  of  1887,  762  feet  long^, 
which  had  been  destroyed  during  the  flood  of  1890.  Grading  was  commenced  October 
13  with  second  district  grader  No.  40,  and  completed  November  18,  one  pile  driver 
assisting  with  one  jet  when  not  otherwise  engaged.  The  mattress  plant  was  put  in 
position  November  13,  and  weaving  commenced  the  same  day.  The  subaqueous  naat 
and  part  of  the  shore  mat  were  completed  /December  2  and  sunk  December  4.  Tlie 
shore  mat  was  completed  and  ballasted  December  14.  The  heavy  run  of  drift  in  the 
latter  part  of  November,  and  which  has  been  previously  referred  to  in  connection  with 
the  Osceola  Bar  revetment,  gave  considerable  trouble  at  this  point  on  November  24, 
after  500  feet  of  mat  had  been  completed.  The  presence  of  a  coal  fleet  several  hun- 
dred yards  above  protected  the  shore  end  of  the  mooring  plant,  but  the  drift  accumu- 
lated in  large  masses  at  the  outer  end  of  the  outer  mooring  barge.  This  was  snt>ae- 
quently  dislodged  by  letting  go  the  slip  lines  of  the  mat  head  and  hauling  tibie  shore 
end  of  the  barge  upstream.  The  operation  was  attended  with  considerable  difficulty 
and  great  risk,  but  was  successfully  carried  out  without  any  iniury  to  or  loss  of  mat. 
The  method  or  building  the  wmt  was  the  same  as  that  used  at  Osceola  Bar,  the  river 
mat  being  woven  into  the  shore  extension  before  sinking.  The  mat  varied  from  290 
to  360  feet  in  width  and  terminated  at  about  three-fourth  stage.  In  its  construction 
there  were  used  1,866  cords  of  brush,  242  cords  of  poles,  and  1^527  cubic  yards  of 
stone.    The  total  cost  of  the  field  work  was  $13,735.76. 

HOPEFIELD  BEND  REVETMENT. 

A  recent  examination  shows  the  following  breaks  to  have  occurred  during  the  flc 
of  1891.    They  are  noted  in  order,  beginning  with  the  one  farthest  upstream. 

1.  A  break  250  feet  long  in  the  shore  mattress  of  the  1885  work,  extending  from  1 
low- water  line  to  the  top  of  the  bank.  Some  of  the  revetment  on  the  top  or  the  h« 
still  remains  in  place.  The  repairs  required  are  regrading,  paving,  and  a  foot  n 
The  subaqueous  mattresses  of  the  1885  work  were  150  feet  wide,  but  in  sinking  ^ 
held  well  out  bevond  the  zero  contour  by  piling  along  the  inner  ed^e  of  mat.  Thi 
the  first  poinfc  where  the  current  strikes  the  revetment  with  sufficient  force  to  ca 
scour.  Above  this,  towards  Mound  City,  the  shore  mats  are  decayed  and  ragged,  ' 
are  protected  against  injury  by  the  sand  bar  opposite  Mouud  City. 
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2.  From  tbe  lower  end  of  the  1885  work  there  was  a  piece  of  revetment  1,600  feet 
long  placed  in  1884.  The  shore  mattreas  of  this  work  has  all  disappeared.  Soundr 
iDgB  taken  with  a  wood  pole  shod  with  a  steel  point  disclosed  the  fact  that  the  snb- 
aqneons  mattreas  was  stul  l^ere,  being  fonnd  at  a  distance  of  from  50  to  80  feet  from 
the  water  line  at  an  ll^-foot  stage.  T^is  can  be  repaired  by  regrading  and  paving 
and  a  sabaqneons  mat  about  100  feet  wide. 

3.  The  18&7  work  besins  at  the  foot  of  the  1884  work  just  described,  and  for  *a  dis- 
tnoe  of  1,000  feet  below  the  upper  end  the  shore  mat  is  badly  broken  up.  In  two 
plsMs  pocKets  have  caved  back  to  the  top  of  the  grade.  The  subaqueous  mattress 
lemains  unii^nied,  the  shore  edge  being  found  dose  to  the  water  line.  The  repairs 
nqnired  are  regrading,  paving,  and  a  foot  mat. 

4.  Farther  down  on  the  Iwr  work,  and  Just  above  the  repair  work  of  1890,  there 
•re  two  more  breaks  in  the  shore  work,  the  upper  one  550  and  the  lower  one  150  feet 
in  length.    They  can  be  repaired  bv  regrading,  paving,  and  foot  mats. 

fielow  the  repair  of  1890  to  Hopeneld  Point  the  revetment  remains  practically  un- 
iinued,  but  there  is  a  deficiency  of  ballast  on  the  shore  mat. 

The  cost  of  the  abdve  repairs  is  estimated  at  abt>ut  $91,000.  A  special  report  has 
been  submitted  to  tiie  president  of  the  Commission,  with  recommendatioi^  that  the 
repairs  be  made  this  year,  and  that  the  funds  therefor  be  taken,  if  necessary^  from 
w  allotment  lor  Blum  Point  Reach. 

AAKD  BAR  AT  UPPER  END  OF  HARBOR, 

On  June  4, 1  received  telegraphic  notice  from  the  president  of  the  Commission  that 
tiie  Bum  of  $15,000  or  so  mu^  tnereof  as  might  be  necessary  could  be  used  from  the 
aDotments  for  Plum  Point  in  dredging  a  low-water  channel  to  the  elevator.  In- 
^viriee  were  at  once  made  for  a  suitable  dredge  plant  and  letters  addressed  to  all  parties 
in  the  valley  who  were  likelv  to  know  of  sucn  plant,  to  one  party  in  Pittsburg,  and 
to  a  lawe  dredging  firm  on  the  Gulf  coast.  At  i)resent  writing  no  replies  have  been 
noelvea  and  no  progress  made  towards  commencing  the  work.  The  only  dredge  now 
4nView  that  may  prove  suitable  is  a  suction  dredge  with  an  8-inch  discharge  pipe 
now  being  eonstmcted  at  Memphis  and  to  be  completed  in  about  2  weeks.  The 
channel  to  be  dredged  is  about  1,400  feet  long,  and  allowing  a  bottom  width  of  100 
feet,  tide  slopes  or  I  on  4,  and  a  depth  of  10  feet  below  zero  stase,  the  amount  of 
material  to  be  moved  will  approximate  7,500  cubic  yards.  Should  tne  river  not  reach 
the  sero  stage  a  less  amount  of  dredging  will  suffice. 

I  recently  made  a  special  examination  of  this  portion  of  the  harbor,  as  required  by 
the  river  and  harbor  act  approved  September  19,  1890,  and  forwarded  my  report  to 
the  Chief  of  Engineers  tiirough  Gen.  C.  B.  Comstock,  as  Division  Engineer*.  For  the 
sake  of  completeness  iikthis  annual  statement  I  quote  in  ftdl  the  report  referred  to. 

^''The  project  for  the  improvement  of  Memphis  Harbor  and  Memphis  Reach,  as  sub- 
mitted by  Captain  (now  Major^  Miller  in  1882,  and  as  approved  by  the  Commission, 
contemplated  the  revetment  of  Hopefield  Bend  from  Mound  City  down,  as  the  rapid 
caving  then  in  progress,  by  changing  the  position  and  direction  of  the  current, 
threatened  injurious  changes  in  thelied  of  the  river  in  front  of  Memphis.    The  posi- 
tion of  Hopeneld  Point  and  the  shape  of  the  bend  above  it  were  at  that  time  favor- 
abk  to  the  maintenance  of  the  deep-water  channel  along  Memphis  front,  by  causing 
the  main  current  to  set  in  to  the  Tennessee  shore  at  the  extreme  upper  end  of  the 
harbor  front  in  the  vicinity  of  the  mouth  of  Wolf  River.    In  fact  so  vigorous  was 
the  attack  of  the  current  at  this  point  that  the  same  project  contemplated  repairing 
and  strengthening  the  revetment  already  in  place  in  the  vicinity  of  the  mouth  of 
Wolf  River  and  an  extension  of  the  revetment  upstream  to  the  mouth  of  Frames 
Chate.    The  protection  work  in  Hojiefield  Bend  was  commenced  in  1882,  and  begin- 
nifljg  at  Mound  Cily  was  extended  downstream  as  rapidly  as  funds  were  provided, 
being  finally  completed  by  the  extension  of  the  revetment  to  Hopefield  Point  in  1888. 
The  h>ng  period  occupied  in  the  execution  of  the  work  was  due  to  the  absence  of  the 
neeessary  funds  at  the  proper  time,  and  Hopefield  Point,  which  was  the  key  to  the 
whole  situation,  was  not  reached  tm  it  had  caved  back  about  3,000  feet  from  theposi- 
ti    I  in  which  it  should  have  been  held.    The  bank  line  as  finally  protected  presents 
a    )arly  straight  course  along  the  lower  end,  and  the  main  current  of  the  river,  fol- 
io ing  closely  the  same  general  direction;  has  transferred  its  point  of  maxinnini 
a1    kck  from  the  vicinity  of  the  mouth  of  Wolf  River  to  the  lower  end  of  the  paved 
le    e  near  the  foot  of  Beale  street.    During  the  progress  of  this  change  in  the  posi- 
ti    ,  and  direction  of  the  main  river  current,  an  eddy  action  grew  up  along  the  upper 
p<   don  of  the  harbor,  causing  the  deposit  which  is  the  subject  of  this  report. 

[le  aocompan^ii^  sketch  of  a  survey  made  April  21-25,  1890,  shows  the  present 
di    ansions  of  this  bar,  the  numbers  inclosed  in  small  circles  indicating  height  of 

'or  aetioll  of  the  Division  Engineer  .'md  of  the  Chief  of  Engineers  on  this  report 
ic    loge  257,  Part  L 
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deposit  aboTe  the  plftne  of  zero  or  low-water  stage.  Comparing  this  sketdh  with  a 
SHrrey  made  in  July;  1890, 1  find  tiiat  the  tail  of  the  bar  lias  l^n  extended  about 
600  feet  farther  downstream,  and  that  considerable  accietionB  of  deposit  have 
been  received  on  the  channel  side  of  the  bar,  the  maTJmnm  expansion  being  about 
600  feet  opposite  Hopefield  Point.  No  farther  expansion  is,  however,  likely  to  occnr, 
as  the  zero  contour  is  now  bat  little  over  2,000  feet  from  the  Arkansas  uiore.  No 
material  change  in  the  height  of  the  bar  is  noted. 

Tal±ig  into  consideration  the  present  position  of  the  zero  contoar,  its  nniform 
caiTatnre  and  general  parallelism  to  the  zero  contoar  of  the  opposite  bank,  and  ^e 
form  of  the  protected  bank  above  Hopefield  Point,  I  think  the  conclusion  is  evident 
that  the  present  forces  are  seeking  to  establish  a  new  bank  line  approximately 
along  the  same  contour,  and  that  the  only  way  in  which  this  tendency  can  be  over- 
come and  a  sconr  effected  which  will  ultimately  remove  the  bar  will  be  by  means 
of  deflecting  dikes  at  Hopefield  Point. 

All  the  facts  in  reference  to  this  evil,  excepting  the  result  of  the  last  survey,  have 
been  presented  to  and  taken  under  consideration  by  the  Mississippi  River  Commis- 
sion. In  a  special  report,  dated  December  10, 1889,  to  the  president  of  the  Commis- 
sion, Captain  Leach  set  forth  at  length  the  impairment  of  the  harbor  facilities  of 
Memphis  by  the  ^owth  of  this  bar,  and  presented  a  project  which  was  designed  to 
ameliorate  the  evil  rather  than  to  cure  it.    The  main  features  of*  his  project  were — 

1.  To  bnild  a  Gaining  wall  or  dike  lf500  feet  long  from  the  present  Mississippi 
bank  immediately  above  the  mouth  of  Wolf  River,  along  a  suitable  curve  so  as  to 
turn  the  discharge  of  Wolf  River  downstream  along  the  snore. 

2.  To  increase,  if  necessary,  the  natural  discharge  of  Wolf  River  by  clearing  tlie 
banks  of  its  tributary,  the  Loosa  Hatchie,  of  brush  wood  and  timber,  and  enlarging; 
the  section  of  Sycamore  Bayou,  which  connects  the  Loosa  Hatchie  with  the  Missis- 
sippi above  the  head  of  Old  Hen  Island. 

Ine  conditions  existing  at  that  time  were  sufficient,  in  the  judgment  of  Captain 
I^ach,  to  Justify  the  hope  of  success  from  this  method  of  treatment,  but  the  agg^ra- 
vated  conditions,  as  they  exist  at  the  present  time,  seriously  affect  the  prospect  of 
even  a  moderate  measure  of  success  under  this  plan,  unless  accompanied  by  a  very 
considerable  and  indeterminate  amount  of  dredging  over  a  distance  of  about  4,Odb 
feet  from  Wolf  River  down  to  the  lower  end  of  the  bar. 

In  my  Judgment  the  situation  has  narrowed  down  to  the  question  whether  it  will 
be  best  to  permit  the  formatiQU  of  a  new  bank  line,  which  in  time  would  become 
available  for  the  accommodation  of  shipping,  or  to  attempt  the  removal  of  the  entire 
bar  by  the  construction  of  deflecting  dikes  at  Hopefield  Point.  If  the  latter  course. 
Avhich  I  recommend  for  consideration,  should  be  decided  on,  there  is  sufficient  data 
on  hand  without  further  surveys  to  prepare  a  project.  The  locality  is,  in  my  opin- 
ion, worthy  of  improvement." 

DIKES. 

In  the  latter  part  of  May,  1891,  the  foot  of  the  blnff  upon  which  the  Walton  Coal 
('ompany's  incline  rests  settled  about  5  feet,  and  a  piece  of  the  bluff  about  200  feet 
long  and  8  feet  wide,  opposite  the  interval  between  Dikes  Nos.  2  and  3,  settled  ver- 
tically about  8  leet.  No  further  caving  has  been  noted  in  the  vicinity  of  the  dikes. 
The  dikes  themselves  have  sustained  no  injuries,  as  far  as  the  surface  indicatioiia 
show. 

On  August  31, 1890,  some  subaqueous  blasting  was  done  in  the  interval  between 
Dikes  Nos.  2  and  3,  by  private  parties  in  the  employ  of  the  Walton  Coal  Company, 
the  object  being  evidently  to  destroy  a  piece  of  projecting  mat  or  crib  which  pre* 
ventett  access  at  low  water  to  the  foot  of  the  incline.  The  matter  bein^  a  very 
important  one,  I  placed  myself  in  consultation  with  the  United  States  district  attor- 
ney, and  at  the  same  time  sent  a  full  report  of  the  facts  to  the  president  of  the  Com- 
mission. No  action,  however,  was  taken,  as  there  appeared  to  be  no  law  in  existence 
at  the  time  of  the  event,  under  which  the  guilty  parties  could  be  prosecnt-ed.  The 
river  and  harl>or  act  approved  September  19,  lc90,  furnishes  a  means  for  bringing 
before  a  United  States  district  court  all  future  acts  of  this  kind. 

BLUFFS  BETWKEX  DIKES  AND  BRIDGE. 

A  small  amount  of  caving  has  taken  place  between  the  dikes  and  the  revetnK 
which  has  been  jilaced  by  the  bridge  company  to  protect  the  east  pier.  This  pieci 
bank  is  3,800  feet  long  and  is  the  only  part  of  Memphis  front  which  is  not  protee 
from  caving.  Its  protection  is,  in  my  opinion,  important  for  two  reasons,  (1) 
preserve  the  current  in  its  present  perpendicular  position  to  the  bridge,  and  (2^ 
prevent  the  destruction  of  valuable  property  on  the  bluff. 

NONCONNAH  ROCKS. 

The  examination  ordered  by  the  Commission  has  not  been  made,  as  the  river 
not  reach  a  low  enough  stage  during  the  year  to  expose  au^  portion  of  the  rocki 
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'     HELENA  HARBOB. 

The  ftet  of  Angust  11, 1888,  contftined  an  appropriation  of  $75,000  for  work  at  this 
point.  The  project,  as  submitted  by  the  district  officer  and  as  approved  by  the 
Commiflsion  and  the  S^Scretary  of  War,  provided  for  a  protection  covering  3,000  feet 
of  bank,  oonsist^ne  of  a  continuous  revetment  of  600  feet  from  the  upper  side  of  the 
elevator  down,  and  of  five  spur  dikes,  the  first  1,100  and  the  fifth  2,875  feet  firom  the 
same  initial  point. 

Work  was  commenced  August  26, 1889,  and  8usi>ended  January  17, 1890,  on  account 
of  lack  of  fimds.  The  following  work  remains  to  be  done  to  complete  the  project 
on  the  original  plan,  and  for  which  the  Commission  has  made  an  allotment  of  $22,500 
oat  of  the  rijer  and  harbor  act  approved  September  19,  1890. 

Dike  No.  3.  Paved  embankment,  8,572  cubic  feet  of  stone.  One  crib  of  10,000  cubic 
ftet. 

Dike  No.  4.  Three  cribs  aggregating  110,000  cubic  feet. 

Dike  No.  5.  Foundation  mat,  192  squares.  Five  cribs,  27,000  cubic  feet.  Paved 
embankment^  17.144  cubic  feet  of  stone. 

No  injnry  to  tne  work  in  place  has  been  noted  during  the  past  year.  There  is  no 
iiunediate  urgency  for  the  completion  of  the  work,  as  the  caving  has  ceased  on  the 
site  of  the  revetment  and  for  some  distance  below.  In  view  of  this  fact  it  is  my 
opinion  that  the  money  available  for  this  point  could  be  expended  to  better  advan- 
tage to  the  Interests  of  Helena,  by  applying  it  to  the  protection  of  Trotters  Point 
opposite,  the  maintenance  of  which  and  of  the  bend  above  is  necessary  to  the  pres- 
ervation of  deep  water  along  that  part  of  Helena  Front  now  used  as  a  steamboat 
landing. 

DELTA  POmT,  MISSISSIPPI. 

Considerable  ajpprehension  has  been  felt  regarding  the  safety  of  a  piece  of  levee 
which  at  this  point  is  in  close  proximity  to  a  caving  bank.  The  maintenance  of  this 
ieree  derives  its  special  importance  from  the  fact  that  there  is  no  site  farther  back 
irithin  a  reasonable  distance  upon  which  a  new  levee  could  be  built  at  moderate 
ooBt  or  without  crossing  very  low  ground.  No  accurate  estimate  has  been  made  of 
the  cost  of  such  a  levee  in  the  event  of  the  present  one  caving  into  the  river,  but 
^m  a  rough  approximation  it  is  thought  that  the  cost  would  be  in  the  neighbornood 
o1 1100,000.  iU  the  dangerous  caving  only  extends  over  a  distance  of  about  1,400 
feet,  the  cost  of  a  suitable  protection,  ^^  ^0  per  linear  foot  would  be  $28,000,  or 
about  one-third  that  of  a  new  levee.  This  work  is  recommended,  and  I  know  of  no 
point  within  the  districts  in  my  charge  where  money  could  be  more  advantageously 
expended  in  levee  protection. 

SURYSTS,  GAUGES,  AND  OBSERVATIONS. 

Ko  low-water  discharffes  were  obtained  for  the  season  of  1890,  as  the  river  at  no 
time  reached  what  is  culed  low-water  sta^e. 

After  the  November  rise  the  fall  in  the  river  was  quite  rapid,  and,  in  anticipation 
of  a  possible  lower  stage  than  had  previously  been  reached,  the  regular  survey  party 
wsB  sent  to  Helena  and  six  observations  taken  at  that  point  between  Decem- 
her  23  and  December  30.  On  the  return  of  the  party  to  Plum  Point  four  sets  of  ob- 
serratians  were  taken  on  the  Plum  Point  sections.  As,  however,  the  anticipation  of 
a  low  stage  was  not  realized,  the  observations  possess  no  special  value. 

On  February  18,  the  steamer  Abbot  with  discharge  party  on  board  left  for  Colum- 
bm,  Kj,,  for  the  purpose  of  taking  the  flood  discharge  at  that  point,  arriving  Feb- 
raary21.  High  winos  prevented  any  observation  till  the  27th.  Between  this  date 
and  March  4,  when  the  river  came  to  a  stand  with  41.27  on  the  Belmont  gauge,  six 
sett  of  observations  were  taken,  the  meter  method  being  used.  The  party  then  pro- 
<?esded  in  advance  of  the  flood  wave  and  took  one  observation  at  Plum  Point  section 
Match  5.  The  party  then  proceeded  to  Memphis  where  three  observations  were 
taken,  the  last  one  on  the  10th,  on  which  date  the  river  came  to  a  stand  with  34.90  on 
t  gauge.  Observations  at  Helena  were  commenced  by  the  same  party  on  March  11 
a    i  continned  till  April  13,  twenty-six  discharges  being  taken. 

ihortly  after  the  nrst  party  left  its  station  at  Columbus,  Ky.,  a  second  flood  wave 

1  I  reported  from  the  Upper  Ohio,  and  a  second  discharge  party  was  organized  for 
t  t  station,  in  anticipation  of  a  higher  stage  than  that  at  which  the  flrst  observa- 
t    18  were  taken.  Observations  were  commenced  March  11,  and  continued  till  March 

2  the  method  used  being  that  of  double  floats.  For  the  same  reason  a  second 
d  ble  float  party  was  organized  to  occupy  the  Fulton  section,  where  six  sets  of 
Q     Tvations  were^made. 

1  the  field  notes  and  field  computations  except  those  for  the  Plum  Point  sec- 
t;  A,  have  been  forwarded  to  the  secretary  for  the  '^ official"  computations,  copies 
b     ^«  retained  for  the  use  of  this  office. 
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In  addition  to  the  above,  two  obseryations  for  diBcIiarges  were  taken  at  the  Robert- 
Bouville  crevasse,  but  ^e  results  are  unreliable  on  account  of  the  existence  of  aiL 
eddy  in  the  discharge  section. 

During  the  year  six  hydrographio  suireyB  hare  been  made,  two  at  Flum  PoinljAl* 
ready  referred  to  under  the  head  of  Plum  Point  Beach,  and  four  at  Memphis.  The 
latter  were  limited  in  extent  and  covered  only  so  much  as  was  under  aipeciBl  exami- 
nation at  the  time.  Of  Uiese.  three  were  made  with  special  reference  to  the  bar  for- 
mation at  the  upper  end  of  tne  harbor,  and  one  with  reference  to  the  fiuilts  in  the 
Hopefleld  Bend  revetment,  caused  by  the  flood  of  1891. 

'  'Jjie  observations  for  velocity  in  a  plane  5  feet  below  the  surface,  required  by  a  reso* 
lution  of  the  Commission  under  date  December  4, 1888,  have  been  resumed  in  Asl»N>rt 
Bend,  and  all  the  observations  necessary  to  a  study  of  the  questions  presented  have 
been  taken,  except  one  observation  at  low  water. 

Gauge  readings  have  been  taken  at  all  the  stations  without  interruption  during  tlie 
year.  The  bulletin  frame  at  New  Madrid  has  been  rebuilt,  the  old  one  being  broken 
and  decayed.  The  gauge  posts  at  Fulton  were  destroyed  on  two  occasions  oy  drift, 
but  were  promptly  replaced  on  each  occasion  by  the  regular  survey  party  at  Plum 
Point.  A  new  DuUetin  and  gauge  posts  have  been  placedat  Mhoons  Landing  and  &t 
Sunflower. 

SURVBT  FOR  LOCATION  OF  IJEVSE  ALONG  ST.  FRANCIS  FRONT. 

A  survey  for  this  object,  from  Point  Pleasant,  Missouri,  to  Council  Bend,  Arkansas, 
a  distance  of  200  miles,  was  made  from  October,  1888,  to  April,  1889,  by  a  party  in  ohar^e 
of  Mr.  S.  £.  Moore,  assistant  engineer.  The  office  work  of  reducing  the  notes  and  pre- 
paring the  profile  was  continued  till  December,  1889,  after  which  it  was  suspended 
on  account  of  lack  of  funds.  An  additional  allotment  of  $300  having  become  avail- 
able September  27, 1890,  by  transfer  from  the  allotment  for  protection  of  levees^  sec- 
ond district,  the  reductions  were  resumed  and  completed  November,  1890.  Two  aets 
of  profiles  have  been  made,  and  the  yardage  has  been  checked  by  a  second  oompa- 
tation. 

The  upper  end  of  the  proposed  levee  rests  on  the  high  ground  known  as  Big 
Prairie  Kidge,  which  extends  up  to  New  Madrid  and  many  miles  north,  forming  a 
barrier  to  overflow  at  all  points  above  in  the  St.  Francis  Basin^  excepting  at  the  ex- 
treme upper  end,  where  a  depression  about  5  miles  in  width  exists  between  the  head 
of  the  ridge  ana  the  foot  of  Commerce  Bluffs.  In  1882  the  estimated  maximum 
eacskpe  over  this  depression  was  88,000  cubic  feet  per  second,  and  in  1883,  45,000 
cubic  feet  per  second.  This  escape  reaches  the  St.  Francis  through  Little  River. 
The  lower  end  of  the  proposed  levee  terminates  on  the  high  ground  west  of  the  west 
branch  of  Council  Chute.  Below  this  point  a  levee  would  be  of  no  material  benefit 
unless  the  St.  Francis  itself  were  leveed  some  distance  above  its  mouth. 

Between  these  points  the  line  surveyed  follows  in  general  the  high  ground  near 
the  river,  receding  therefrom  to  what  was  considered  a  safe  distance  in  caving  bends. 
Where  a  rapidly  caving  bank  approaches  close  to  a  lake  the  levee  leaves  &e  riTor 
and  passes  around  the  lake.  Wnenever  favorable  ground  has  existed  across  points 
it  has  been  located  there.  Remnants  of  the  old  State  and  private  levees  have  been 
utilized  as  far  as  practicable.  The  total  length  of  the  line  selected  is  177  miles. 
Adding  to  this  the  23  miles  of  levee  already  buut  at  Plum  Point  Reach,  and  which 
will  form  a  part  of  the  line,  the  total  length  of  the  proposed  levee  will  be  200  miles. 
Geographically  the  line  may  be  divided  for  convenience  into  three  sections,  namely : 

Section  No.  1,  66  miles  long,  from  Point  Pleasant  to  the  upper  end  of  the  Plum 
Point  levee. 

Section  No.  2,  56  miles  long,  from  the  foot  of  the  Plum  Point  levee,  near  Craighead 
Point,  to  the  high  ground  at  Bradley  Landing,  in  the  bend  of  Island  40. 

Section  No.  3,  55  miles  long,  from  Bradley  Landing  to  Council  Chute. 

Much  the  largest  part  of  the  overflow  into  the  St.  Francis  Basin  takes  place 
through  section  No.  1.  During  the  flood  of  1882  the  outflow  was  estimated,  at 
878,502  cubic  feet  and  the  inflow  at  27,400  cubic  feet  i>er  second,  leaving  a  n<^t 
escape  of  351,102  cubic  feet  per  second.  During  the  same  flood  the  estimated  <  r- 
flow  in  section  No.  2  was  20,362  cubic  feet,  and  the  inflow  15,805  cubic  feet,  lea\  sr 
a  net  escape  of  4,557  cubic  feet.  In  section  No.  3  the  observations  indicated  a 
actual  discharge  from  the  St.  Francis  into  the  Mississippi,  the  net  outflow  be  ; 
estimated  at  167,310  cubic  feet,  as  against  an  inflow  of  184,771  cubic  feet  per  secc     L 

At  the  time  the  survey  was  made  and  the  reduction  of  the  notes  commenced,  s 
engineer  in  charge  contemplated  giving  the  levee  crown  widths  of  6,  8,  or  10  f  ;, 
depending  on  height  of  levee,  side  slopes  of  1  on  3,  and  a  grade  of  2  feet  above  e 
highest  Imown  water.  These  figures  have  been  used  in  the  following  estimate  f 
yardage  and  cost,  although  present  levee  practice  would  be  in  favor  of  a  hi  r 
grade: 

Section  No.  1.  Length,  67  miles;  earthwork,  3,335,521  cubic  yards;  clearing.  >      4 
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acres.    Cost;  at  20  cents  per  cu\>io  yard,  $700,640.20.    Average  cost  per  mile,  $10,457. 

Section  No.  2.  Length,  56  miles;  earthwork,  1,503,206  cnbic  yards;  clearing.  652.3 
acres.    Cost,  at  20  cents  per  cubic  yard,  $326,733.20.    Average  cost  per  mile,  $5,835. 

Section  No.  3.  Length,  55  miles;  earthwork,  2,222,526  cubic  yards;  clearing,  667.2 
acres.    Cost,  at  20  cents  per  cubic  yard,  $471,193.20.    Average  cost  per  mile,  $8,567. 

Adding  20  per  cent,  to  the  above  for  raising  grade  line  wnerever  necessary^  and 
for  other  continjpencies,  the  total  estimated  cost  is  $1,798,279.92. 

The  closure  of  this  front  should  begin  at  section  1,  where  the  expenditure  of  a 
^ven  amount  of  money  will  accomplish  the  greatest  amount  of  benefit  in  restrain- 
ing the  overflow  into  the  St.  Francis  Basin. 

Further  details  are  given  in  the  report  herewith  of  W.  M.  Rees,  assistant  engineer. 

SUKVXT  FOB  LOCATION  OF  A  LEYBS  TO  CONNECT  THE  HELENA  AND  LACONLA  LEVEES. 

At  the  time  the  allotments  for  levees  were  made  available  in  November,  1890,  very 
little  was  known  of  the  country  throng  which  the  extension  of  the  Helena  levee 
would  run,  and  the  local  levee  board  were  unable  to  give  sufficient  information  upon 
which  the  location  of  the  proposed  levee  might  be  based.  A  hasty  examination  was 
therefore  ordered  made  prior  to  the  opening  of  the  bids  for  levees  on  November  18, 
1890,  and  was  completed  November  17.  The  examination  was  necessarily  very 
cursory,  and  left  comparatively  untouched  the  problem  of  draining  the  interior  of 
ihe  Helena  Basin,  which  was  presented  by  the  {proposed  closure  of  Lone  Lake  and 
Old  Town  bayous.  A  further  examination  being  necessary,  a  second  party  was 
formed  under  the  immediate  direction  of  Mr.  W.  M.  Rees,  assistant  engineer,  and 
took  the  field  December  30.  The  question  of  drainage  was  thoroughly  examined  and 
the  survey  extended  down  to  and  across  YeUow  Banks  Bayou,  the  latter  point  beinff 
the  lower  terminus  of  what  might  l^e  called  the  Helena  levee,  or  the  point  to  which 
the  levee  should  be  extended  to  protect  from  overflow  the  area  included  in  the 
Helena  Levee  district.  After  the  survey  had  been  extended  to  this  point,  it  was 
decided  to  make  a  hasty  examination  as  far  down  as  the  new  Carson  Loop,  as  the 
proper  location  of  the  latter  with  reference  to  its  future  extension  northward  as  a 
part  of  the  White  River  front  system  could  be  best  determined  with  the  information 
which  sudi  an  examination  would  supply.  This  examination  was  completed  on  the 
13th  of  Februarv  and  the  party  disbanded. 

The  details  oi  the  survey  and  a  description  of  the  line  followed  is  given  in  the  re- 
port of  W.  M.  Rees,  hereto  appended.  In  general  terms,  the  proposed  location  fol- 
lows what  is  considered  a  safe  distance  from  caving  banks,  utihzes,  as  far  as  it  is 
practicable  and  economical  to  do  so,  the  old  levee,  and  crosses  the  points  instead  of 
foUowing  the  banks  around  the  bends.  The  total  length  of  the  line  surveyed,  from 
the  present  terminus  of  the  levee,  15^  miles  below  Helena,  to  the  upper  end  of  the 
Carson  Loop,  is  33  miles.  Of  thiSj^  15.4  miles  is  enlargement  and  repair  of  old  levees, 
and  17.6  miles  of  new  levees.  The  total  estimated  yardage  of  new  work  is,  in  round 
numbers.  1,380.000;  of  enlargement,  1,000,000;  and  muck  ditch,  100,000:  making  a 
total  of  2,481,8d6  cubic  yards.  The  total  yardage  in  the  old  levee,  whicn  has  been 
deducted  from  the  total  embankment  in  levee,  is  468,000.  These  estimates  are  based 
on  a  ^ade  of  3  to  4^  feet  above  the  high  water  of  1890,  the  highest  known  in  this 
vicixuty,  crown  width  of  8  to  10  feet,  and  side  slopes  of  1  on  3. 

The  territory  to  be  protected  is  about  20  miles  long  from  north  to  south  and  10 
miles  wide  between  the  Mississippi  and  White  River.  It  is  sparsely  settled,  many 
plantations  having  been  abandoned  on  account  of  the  frequent  overflows. 

PLANT. 

Fair  progress  has  been  made  during  the  past  year  toward  rehabilitating  the  plant 
of  the  first  and  second  districts.    The  steamer  Kirns  has  received  new  boilers  and 
boilers  are  under  contract  for  the  steamers  Titan  aud  Graham  to  be  completed  and  in 
^ace  before  the  beginning  of  this  season's  work.    The  Titan  is  a  new  vessel,  com- 
pleted in  1889,  and  as  the  hulls  of  the  Kims  and  the  Graham  received  thorough  re- 
K.ir8  during  the  previous  fiscal  year  all  three  steamers  should  be  serviceable  a  num- 
T  of  vears  without  extensive  repairs.    The  steamer  Itasca  has  been  docked  and 
%er  hull  painted  and  upper  works  repaired  and  painted.    She  will  also  require  a  new 
^iler  at  an  early  date.    The  steamer  Abbot,  whose  deck  aud  upper  work  were 
gently  destroyed  by  fire  on  the  night  of  September  20,  was  rebuilt  and  again 
ady  for  duty  November  6.    The  old  headquarters  boat  Amelia  having  become  un- 
fe  from  the  rotte^ness  and  weakness  of  her  hulls,  and  the  estimated  cost  of  re- 
fcirs  being  deemed  excessive,  was  dismantled  and  quarter  boat  No.  29  was  remodeled 
suit  the  immediate  requirements  of  a  headquarters  boat.     The  latter  though 
all  will  answer  very  well  until  a  suitable  headquarters  boat  can  be  provid^. 
ro  cracked  and  leaky  water  cylinders  on  two  of  the  hydraulic  graders  will  be  re- 
iced  by  two  new  and  stronger  ones. 
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In  addition  to  the  above  other  repairs  of  a  minor  character  have  been  made.  The 
principal  work  in  hand  at  the  present  time  is  the  rec^o'nstruction  of  twenty  old  dis- 
trict barges.  .  As  only  the  sound  parts  of  the  old  barges  are  retained  the  recon- 
structed barges  will  be  practically  as  good  as  new.  As  a  rule,  only  the  bottoms, 
bottom  gunwales,  and  biukheads  of  the  old  barges  are  retained.  This  work  is  done 
at  from  $1,000  to  $1,200  per  barge,  or  at  less  than  half  the  cost  of  a  new  barse.  Four 
mattress  barges^  each  120  feet  long,  were  advertised  for  May  5, 1891,  and  only  one  bid 
was  received,  viz,  that  of  David  S.  Barmore,  for  $5,320  for  each  barge  delivered  at 
Plum  Point.  This  price  being  considered  very  high,  if  not  excessive,  the  bid  waa 
rejected  and  steps  laken  to  reconstruct  the  old  mat  barges  in  the  same  way  as  the 
district  barges.  This  can  be  done  at  less  than  one-half  the  price  of  the  bid  above 
quoted,  and  the  reconstructed  barges  will  be  practically  as  good  as  new.  This 
method  of  utilizing  the  more  lasting  parts  of  old  plant  a  second  time  is  possible  only 
by  means  of  the  dry  dock,  the  utility  and  economy  of  which  in  maintaining  a  plant 
has  been  so  clearly  demonstrated.  Care  is  taken  in  every  case  that  nothing  but  per- 
fectly sound  timber  is  retained  in  the  recon«tructed  barge.  In  addition  to  the  above, 
two  of  the  old  district  barges  will  be  lengthened  during  their  reconstruction  to  120 
feet  and  given  additional  strength  for  use  as  mooring  oarges. 

About  throe-fourths  of  the  total  number  of  the  pile  drivers  in  the  district  are  un  • 
serviceable  on  account  of  decayed  and  leaky  hulls.  I  estimate  that  fifteen  pile  drivers 
would  satisfy  the  probable  needs  of  the  two  districts  for  several  years  to  come,  and 
this  number  it  is  proposed  to  put  and  keep  in  repair.  As  to  the  remainder  of  the 
pile  drivers  I  recommend,  if  they  can  not  be  disposed  of  by  transfer  to  some  pub- 
lic work  where  they  might  be  needed,  that  they  be  dismantled  and  the  hulls  sunk. 
The  machinery,  which  is  all  serviceable,  could  be  stored  on  barges  or  on  the  bank,  or 
sold.  For  the  coming  season's  work  it  has  been  arranged  that  forty  of  the  general 
service  barges  shall  go  to  the  third  district,  and  thirty-eight  to  the  first  and  second 
districts.  This  latter  number,  with  the  twenty«now  ia  repair,  will  be  sufficient  for 
the  probable  needs  of  the  work  planned  for  this  year. 

The  other  classes  of  plant  not  already  mentioned,  quarter  boats,  commissary  and 
receiver  of  materials  store  boat,  machine  shops,  hydraulic  graders  are  in  good  con- 
dition. 

The  exhibit  herewith  shows  more  iu  detail  the  extent  in  cost  of  the  repairs  which 
have  been  made  during  the  year. 

LEVEES. 

The  following  sums  were  allotted  for  levees  in  the  second  district  from  the  river 
and  harbor  act  of  September  19,  1890 : 

Upper  Mississippi  levee  district $90, 000 

White  River  Basin 180,000 

and  were  suballotted  by  the  levee  board  to  the  following  localities; 

Upper  Mississippi  levee  district, 

Cabie  yards. 

Section  60,  about 74,000 

Section  61,  about 55,000 

Section  16,  H  (Uushpuckana  Crossing),  about 41, 000 

Section  19-20,  H  (Apperson  Field),  about 61,000 

Section  17-18,  H  (Robertsonville),  about 50,000 

Section  67,  about 64,000 

Section  66,  about 71,000 

Section  65,  about : 57,000 

White  River  Basin. 

Extension  of  Helena  levee  southward  £rom  its  present  terminus $80, 000 

Repairing  and  strengthemhg  the  front  line  of  the  Laconia  Circle,  and  for 
extending  the  levee  northward  as  far  as  the  funds  would  allow  100, 000 

All  work  under  these  allotments  was  advertised  on  November  8  and  bids  opened 
November  18. 1890.  Eleven  bids  were  received,  and  the  lowest  in  each  case  accepted, 
except  that  for  the  Helena,  which  was  rejected  as  too  high.  The  latter  was  adver- 
tised a  second  time,  and  bids  therefor  opened  December  19,  1890.  The  prices  again 
being  deemed  too  high,  all  bids  were  rejected  and  the  work  postponed  until  after 
the  high- water  season.     A  copv  of  the  abstract  of  bids  is  herewith. 

The  early  part  of  December  found  all  the  contractors  on  the  ground  ready  to  be- 
gin work.  A  great  efi'ort  was  made  to  get  an  early  start,  so  aa  to  take  advantage  of 
the  favorable  weather,  which  usually  prevails  during  the  month  of  December.    The 
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forces  were  at  first  too  small,  bnt  were  gradually  increased  on  the  demand  of  the 
engineer  in  charge  until  they  were  sufficient  to  insure  completion  of  work  on  contract 
time.  March  1,  l&l.  The  calcnlations  for  force  required  were  based  on  80  cubic  yards 
per  day  for  each  wheel  soraper,  and  20  working  days  in  each  month.  Fair  weather  pre- 
Tailed  and  ^ood  projrress  was  made  tiU  about  January  10,  but  after  this  date  the  rainy 
season  set  in,  greasy  retarding  the  work  at  all  points,  and  in  some  of  the  worst 
localities  practically  suspending  it  altogether.  The  total  precipitation  probably  did 
not  exceea  the  average  mr  this  region,  but  the  rainfalls  came  with  such  great  fre- 
quency that  the  borrow  pits  and  embankment  were  kept  in  a  boggy  and  unworkable 
condition  over  three-fourths  of  the  time.  After  the  rains  came  the  seep  water  and 
overflow  which  further  suspended  the  work  till  the  river  fell  within  its  banks.  The 
eontraots  were  extended  from  March  1  to  May  1,  and  again  firom  May  1  to  July  1, 

Tlie  following  is  a  brief  statement  of  the  character  and  extent  of  the  work  done 
nnder  these  contracts : 

Section  60. — The  piece  of  levee  under  enlargement  was  4,800  feet  long,  with  side 
slopes  of  1  on  3,  and  a  grade  of  2  feet  above  highest  known  water.  The  average 
height  of  the  old  levee  above  the  ground  was  about  11^  feet,  exx^-ept  at  the  crossing 
of  Grants  Pass,  where  for  200  feet  the  average  height  was  25  feet.  The  crown  width 
of  old  levee  was  10  feet  for  a  distance  of  1,600  feet  from  the  lower  end,  8  feet  for  the 
next  1,100  feet;  and  10  feet  over  the  remaining  distance  of  2,100  feet. 

The  repairs  and  enlargements  are : 

1.  A  muck  ditch,  6  feet  deep,  6  feet  wide  at  bottom,  and  10  feet  wide  at  top,  exca- 
vated at  the  base  of  the  old  levee  on  the  land  side  and  refilled  with  selected  buck- 
shot material. 

2.  Enlarging  the  upper  3,200  feet  of  the  old  levee  to  a  height  of  4  feet  above  high- 
est known  water,  and  to  a  crown  width  of  10  feet,  and  side  slopes  of  1  on  3. 

3.  A  banquette  on  the  land  side,  3,035  feet  long,  at  the  crossing  of  Grants  Pass, 
where  the  levee  is  very  high.  The  uniform  width  of  the  banquette  is  40  feet  with  a 
side  slope  of  1  on  3  and  a  top  slope  for  drainage  of  1  in  20. 

The  t<otal  estimated  yardage  in  this  levee  is  53,000,  of  which  32,000  had  been  placed 
np  to  the  end  of  May,  1891. 

Section  61. — This  piece  of  levee  is  3,300  feet  long  and  about  18  feet  high  above  the 
surface  of  the  ground,  with  a  crown  width  of  10  feet,  side  slopes  of  1  on  3,  and  a  grade 
of  2|  feet  above  highest  known  water.    The  repair  and  enlargement  consisted  of— 

1.  A  muck  ditch  6  feet  deep,  6  feet  wide  at  bottom,  and  10  feet  at  top,  excavated 
along  the  base  of  the  levee  on  the  land  side  and  refilled  with  selected  buckshot  msk- 
teri^. 

2.  A  banquette  on  the  land  side  40  feet  wide  raised  to  a  height  9  feet  below  the  top 
of  the  levee. 

The  total  yardage  was  37,672  and  was  completed  in  the  early  part  of  this  month. 

Sections  66  and  67, — ^The  piece  of  levee  under  enlargement  is  9,000  feet  long  and  has 
an  average  height  of  8  feet  above  the  surface  of  the  ground  and  2  feet  above  highest 
known  water,  with  a  crown  width  of  8  feet  and  side  slopes  of  1  on  3.  The  work  con- 
sists of— 

1.  A  muck  ditch  6  feet  deep  and  6  feet  wide  at  bottom  and  10  feet  at  top,  excavated 
at  the  base  of  the  old  levee  on  the  land  side  and  refilled  with  buckshot  material 
thoroughly  tamped. 

2.  An  enlargement  to  a  height  of  4  feet  above  high  water  and  to  a  crown  width  of 
10  feet,  and  slope  of  1  on  4  on  the  land  side.  All  low  places  on  the  land  side  were 
filled  in  with  a  banquette. 

Total  yard^e,  100,000.  of  which  98,000  had  been  placed  up  to  June  10. 

Section  16  H{HMshpuo1cana  Crossing). — ^The  work  is  limited  to  the  piece  of  levee 
1,200  feet  long  across  Hushpnckana  Creek.  The  height  of  the  old  levee  was  25  feet 
above  the  bottom  of  the  creek  and  2  feet  above  high-water  mark.  Crown  width  was 
10  feet,  river  slope  1  on  4,  land  slope  1  on  3.  There  was  also  a  banquette  40  feet  wide 
on  the  land  side^  raised  to  a  heighth  of  about  12  feet  below  top  of  levee.  There  was 
sufficient  earth  in  the  old  levee  for  the  purpose  of  stability,  $ut  further  treatment 
was  deemed  necessary  to  correct  the  seepage,  which  has  always  taken  place  at  this 
K)int  to  an  alamdng  extent. 

The  new  work  consists  of— 

1.  A  muck  ditch  6  feet  deep  and  6  feet  wide  at  bottom,  and  8  feet  at  top,  excavated 
1  the  old  banquette  at  the  Junction  of  the  latter  with  the  main  levee,  and  refilled 
rith  good  material. 

2.  A  second  muck  ditch  10  feet  deep,  and  10  feet  wide  at  bottom  and  20  feet  at  top, 
;  the  base  of  the  old  banquette,  refiilled  with  good  material. 

3.  Enlargement  of  the  old  levee  to  a  crown  width  of  12  feet  and  height  of  4  fei^t 
bove  high-water  mark,  with  a  land  slope  of  1  on  4. 

4.  A  new  banquette  40  feet  wide,  covering  the  second  muck  ditch. 

Only  a  small  piece  of  the  large  muck  ditch  has  been  excavated  and  filled  to  dat*^, 
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and  it  is  doubtfiil  if  the  ditch  can  be  dug  at  all  on  aoconnt  of  seep  water.  Should 
this  be  impracticable  the  ditch  will  be  omitted  altogether  and  a  proportionately 
larger  banquette  made. 

llie  total  yardage  in  the  work  described  is  41,000,  of  which  about  20,000  was  placed 
up  to  June  10. 

In  addition  to  the  above,  and  under  the  same  contract,  a  muck  ditch  6  feet  ^wide  at 
bottom,  10  feet  on  top,  ana  6  feet  deep,  has  been  excavated  and  refilled  at  the  base 
of  the  levee,  below  Hushpuckana  Crossing,  for  a  distance  of  1,600  feet,  the  object  be- 
ing to  reduce  the  amount  of  seepage. 

aeoiian9 17-18  H  (Robertsonville). — ^This  is  a  piece  of  levee  4,700  feet  long,  in  w^hat  is 
known  as  the  new  Robertsonville  Loop.  Height  of  old  levee  above  surface  of  ground, 
12  feet,  and  above  high-water  mark,  1^  feet.  Crown  widtii,  10  feet,  and  side  riopes 
1  on  3.  The  work  consists  in  raising  the  grade  to  a  height  of  4  feet  above  high-water 
mark,  preserving  the  same  dimensions  of  crown  and  side  slopes. 

Total  yardage  50,000,  of  which  about  one-third  had  been  placed  to  June  10.  Tfac^ 
enlargement  is  from  the  river  side  of  levee,  and  many  of  the  borrow-pits  are  not  yet 
in  a  condition  to  be  occupied. 

SecUont  19~B0  H.  (Appertan  Field). — ^This  piece  of  levee  is  7,365  feet  long,  and  is  also 
apart  of  the  new  Robertsonville  levee,  and  has  approximately  the  same  dimensions. 
The  new  work  consists  in  raising  the  grade  to  a  height  of  4  feet  above  high  water, 
preserving  the  old  dimensions  of  crown  width  and  side  slopes.  Total  yardage  in 
contract)  60,000,  of  which  about  one-half  has  been  placed. 

WHTTB  BIYKR  BASIN. 

Laconia  Circle. — The  work  consists  in  closing  crevasses  and  enlarging  the  old  levee 
over  a  distance  of  90,300  feet,  of  which  Q9,6%  feet  lie  below  the  town  of  Laconia, 
along  what  is  known  as  the  firont  line,  and  30,700  feet  north  of  the  same  point.    The 
latter  niece  of  enlargement  terminates  at  the  Desha  County  line,  and  from  this 
I)oint  the  line  has  been  extended  northward  6,000  feet  by  means  of  a  new  levee 
placed  at  a  safe  distance  back  from  a  caving  bank.    Of  the  59,600  feet  below  Laconia 
51,500  consisted  in  enlarging  the  old  levee  and  8,100  in  closing  crevasses,  of  whicli 
there  were  five,  four  below  Henrico  and  one  near  Laconia  Landing.    In  addition  to 
the  five  crevasses  named  there  were  about  twenty  small  breaks  in  the  levee  made  by 
the  high  water  of  1890,  and  of  the  old  levee  only  one  point,  and  that  for  a  short  dis- 
,tance  only,  was  above  this  flood.    The  dimensions  ox  the  old  levee  varied  greatly, 
but  in  general  it  may  be  stated  that  the  grade  was  frt>m  0  to  3  feet  below  high  water 
of  1890 ;  crown  width,  1  to  6  feet ;  base,  ^  to  50  feet ;  slope  1^  to  1,  to  2^  to  1;  height 
above  surface  of  the  ground,  3  to  10  feet.    In  the  new  work  and  enlargement  the 
levee  has  been  brought  to  the  following  dimensions :  Grade,  1.5  feet  Aove  high 
water  of  1890;  crown  width,  4,  6,  and  8  feet,  depending  on  neight  of  levee;  base, 
35  to  90  feet ;  slopes,  2^  to  1  to  3  to  1 ;  height  above  surface  of  ground,  7  to  14  feet. 

The  total  yardage  which  it  will  be  possible  to  place  with  the  funds  available  will 
range  from  400,000  to  450,000.  The  work  should  be  within  a  few  days  of  completion 
by  uie  close  of  this  month  if  the  promised  progress  is  made. 

BOBEBTSOlfVILLB  CBXYASSE. 

This  crevasse  occurred  on  the  night  of  March  11,  and  is  located  about  three  quar- 
ters of  a  mile  below  Hushpuckana  in  the  levee  known  as  the  new  Robertsonville 
Loop.  The  discovery  was  made  at  midnight,  at  which  time  the  width  was  estimated 
at  about  75  feet.  Chief  Engineer  Dabney,  of  the  Upper  Mississippi  Levee  district, 
having  determined  upon  an  attempt  to  close  it,  requested  this  office  for  assistance, 
and  with  the  approval  of  the  president  of  the  commission  aid  was  offered  to  the 
extent  of  fnmishmg  the  necessary  plant,  the  levee  board  paying  for  the  labor  and 
material.  None  of  the  district  steamboats  being  available  a  tug  was  specially  char- 
tered for  the  purpose,  but  before  the  plant  and  material  could  reach  the  crevasse  the 
idea  of  closing  it  was  abandoned  ana  the  work  was  limited  to  an  attempt  to  hold  the 
ends  of  the  levee  and  prevent  any  considerable  widening  of  the  crevasse.  The  usual 
temporarv  revetment  of  bagging,  sand  bags,  and  fascines  loaded  with  sand  bags 
were  usea  around  the  ends  of  the  levee,  and  two  pile  dikes^  one  on  each  side  of  the 
crevasse  and  about  600  feet  apart,  were  built  on  the  river  side  of  the  levee  to  check 
the  current  around  the  ends.  The  dikes  consisted  of  four  rows  of  4  by  4  inch  scant- 
ling with  about  2  feet  between  rows,  the  intervals  between  rows  being  filled  with 
bags  of  earth,  the  whole  being  suitably  braced  together.  The  dikes  were  located 
perpendicular  to  the  levee  and  extended  out  as  far  as  the  depth  would  allow.  The 
crevasse  gradually  increased  in  width  to  about  550  feet  on  March  28,  after  whioh  the 
caving  practically  ceased. 

The  crevasse  was  a  great  surprise,  as  the  pressure  upon  it  was  not  great  and  the 
levee  was  regarded  as  one  of  tne  finest  on  the  river,  being  built  of  buckshot  ma- 
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terial;  and  having  a  crown  of  8  feet  and  side  slopes  of  1  on  3.  There  was  no 
evidence  of  seepage  or  other  defects  to  suggest  the  need  of  any  ]irecantions.  The 
theory  that  the  levee  had  been  out  was  very  generally  entertained  at  first,  but 
graduaUy  gave  way  to  the  more  probable  one  that  the  levee  had  been  undermined 
by  the  action  of  the  current  along  the  front. .  One  of  the  old  borrow  pits  directly  in 
front  of  the  crevasse  was  scoured  out  to  some  depth  during  the  flood  of  1890.  and  the 
probable  explanation  of  the  crevasse  is  that  this  scouring  action  continuea  during 
the  present  flood,  gradually  enlarging  and  deepening  the  hole,  and  finally  undennin< 
in||^  the  levee  itaeu.  An  inspection  of  the  crevasse  since  the  decline  of  the  river 
within  its  banks  shows  the  nole  to  be  much  larger  than  anticipated,  being  about 
560  feet  in  diameter  and  extending  through  the  gap  and  about  25  feet  -beyond.  A 
new  loop  to  cloae  this  orevaaae  is  now  nn&r  contract  with  the  local  levee  board. 

HIOH-WATER  FROTBCTION. 

The  lumber  and  sacks  used  at  Robertsonville  Crevasse  were  paid  for  by  the  Gov- 
ernment, the  levee  board  furnishing  the  labor.  A  close  board  fence  was  built  in 
front  of  levee  at  Pushmataha  Landing  (359^,  L)  and  a  log  boom  in  front  of  Eag^le 
Lake  Levee  (9^,  L)  to  protect  against  wave  wash,  the  Government  f  imishing  uie 
material  and  the  levee  board  the  labor.  Sacks  were  -supplied  to  the  Helena  board 
for  the  protection  of  their  levee  at  Williamson's  House  (309,  R),  the  labor  of  placing 
them  beii^g  furnished  by  the  local  board.  A  small  amount  of  protection  work  was 
done  on  the  Laconia  Circle^  the  Government  furnishing  both  labor  and  material. 
As  soon  as  the  water  rose  high  enough  to  suggest  the  necessity  of  patrolling  tibe 
levee  I  had  guards  placed  in  the  vicinity  of  afi  the  levees  under  contract  with  the 
United  States.  These  were  withdrawn  on  the  Mississippi  side  of  the  river  as  soon 
as  practicable  after  receipt  of  a  copy  of  the  Commissions  resolutions,  requiring  that 
Bu<m  service  should  as  a  rule  be  performed  by  the  local  authorities.  Inere  being, 
however,  no  eiSTective  local  levee  organization  on  the  Laconia  Levee,  a  small  Govern- 
ment patrol  was  maintained  during  the  entire  season  over  that  portion  of  the  levee 
under  eidargement  by  the  United  States  .The  total  amounts  expended  on  levee  pro- 
tection were  $6,006.18  in  the  Upper  Mississippi  Levee  district,  $2,617.88  at  Laconia, 
and  $473.07  along  Helena  Front. 

A  small  gap  in  the  Plum  Point  Levee  near  Gold  Dust  was  repaired  at  an  expense 
of  $30. 

COia>ITION  OF  BIVER  FOR  NAVIOATION  DURINa  THE  TEAR. 

As  the  river  did  not  reach  a  low  stage  during  the  usual  low-water  period  the  navi- 
gation was  excellent  throughout  the  year. 

A  few  reports  of  depths  less  than  10  feet  have  been  received,  but  upon  personal 
inquiry  among  a  number  of  the  most  experienced  pilots  I  am  led  to  conclude  that  the 
pilots  reporting  lesser  depths  than  10  feet  did  not  find  the  deepest  water  in  the  chan- 
nel and  that  at  no  time  during  the  past  low-water  season  was  there  less  than  this 
depth  over  all  the  bars. 

The  usual  financial  exhibits  are  herewith. 

Amount  that  can  be  profitably  expended  during  the  fiscal  year  1892-^93  for  channel 
works,  $1,000,000. 

yeij  respectfiilly,  your  obedient  servant, 

S.  W.   ROF.SflLER, 

Captain  of  Kutfineeri, 
Gen.  C.  B.  Comstogk, 

President  Mississippi  River  Commission, 
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report   of   MR.  AUG.    J.  NOLTY,    ASSISTANT  ENGINEER,  ON    WORK    AT    PLUM    POINT 

REACH.  ^ 

Amelia,  Ark.,  May  go,  1891. 

Captain:  In  compliance  with  the  instructions  contained  in  your  letters  of  May 
13,  and  15, 1891, 1  have  the  honor  to  submit  the  following  report  of  operations  at 
Plum  Point  Beach  for  the  year  ending  May  31,  1891.  The  portion  of  the  river  cov- 
ered by  this  report  extends  from  one  mile  above  Daniels  Point  to  Craighead  Point. 
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PIKES,  FTAfOT,   AND  ISLAND  NO.  30  CHlhlBS. 

§ 

The  last  annaal  report  of  Gapt.  Smith  S.  Leach^  Coros  of  En^eers,  U.  8.  Azmy,  the 
officer  then  in  charge  of  this  district  reported  these  dikes  withm  a  few  days  of  comple- 
tion. Elmot  Chute  Dike  was  completed  on  the  l^h  of  Jnne^  1890.  In  Island  No.  30 
chnte  the  firont  row  of  dike,  consistingof  clnaters  of  three  piles  each,  had  by  the  2d 
of  June.  1890.  been  carried  across  the  &0  feet  of  deep  water  still  remaining  open.  Ko 
.sooner  had  tnis  gap  been  closed  when  the  pressure  of  accumulating  drift  and  strong 
onrrent  began  to  push  this  unsupported  front  row  out  of  alignment  to  such  an  extent 
that  the  piles  began  to  break  ofl^  and  on  the  morning  of  the  3d  a  clear  opening  of  90 
feet  had  been  made.  The  balance  of  this  row  graoually  broke  away  until  the  gap 
attained  a  width  of  200  feet.  The  depths  ranging  from  16  feet  below  zero  at  front  or 
upstream  row  tu  57  feet  below  zero  at  fourth  or  downstream  row,  with  the  water  rush- 
ing through  the  gap  with  great  velocity,  the  officer  in  charge  of  the  district  decided 
to  await  a  more  favorable  stage  of  water  before  undertaking  the  closure  of  the  gap. 
lu  the  meantime  a  project  for  the  closure  was  submitted  by  the  assistant  in  charge, 
and  having  been  approved  by  Capt.  S.  W.  Roessler,  Corps  of  Engineers.  U.  8.  Army, 
then  in  charge  of  this  district,  work  was  begun  on  the  7th  of  July,  1890.  This  proj- 
ect contemplated  leaving  the  line  of  dike  and  to  effect  a  closure  by  a  salient  ¥rnose 
apex  lying  75  feet  above  the  front  row  of  the  standing  dike  woula  bring  the  whole 
new  structure  into  comparatively  shoal  and  easy  water.  The  original  dike  foot  mat- 
tress extending  75  feet  above  the  front  row,  no  new  mattresses  were  considered  nec- 
essary. In  addition  to  the  usual  set  of  stringers  and  braces  near  the  top*  of  dike  a 
secondary  set  was  put  on  this  new  work  at  a Dout  the  15-foot  plane,  thus  transmitting 
any  strains  from  impact  or  pressure  throughout  the  whole  structure  rather  than  let- 
ting the  front  row  take  them  all  without  receiving  any  material  support  from  the 
work  behind  it.  The  closure  of  this  gap  was  completed  by  the  end  of  the  month  and 
remained  closed  until  February  3,  1891,  when  the  accumulated  drift  again  broke 
through,  leaving  a  clear  gap  of  275  ffeet  in  the  dike,  with  about  50  feet  of  each  end  of 
standing  parts  badly  broken  up.  Nothing  has  been  done  toward  reclosing  this  gap, 
nor  woma  it  be  advisable  to  do  any  further  work  at  this  site  by  reason  of  the  great 
depth  of  water  which  would  always  be  a  menace  to  the  permanency  of  the  structure. 
It  should,  however,  be  borne  in  mind  that  while  a  break  in  a  dike  rapidly  forms  a 
deep  hole  immediately  below  and,  if  close  to  bank,  causes  extreme  caving,  the  exjieri- 
ence  both  in  this  and  Elmot  chutes  has  been  that  these  effects  extend  only  a  very 
short  distance  below  the  break. 

Elmot  Chute  Dike  remained  in  good  condition  until  the  24th  of  November,  upon 
which  date  a  break  occurred  where  the  structure  crossed  the  deepest  water,  or  about 
400  feet  out  from  the  Elmot  Bar  Bank.  Owing  to  high  stage  of  river  prevailing  at 
the  time,  togetlier  with  much  floating  drift,  no  attempt  to  close  this  break  was  made 
until  the  middle  of  December,  when  two  pile  drivers  begun  the  work  of  closure  and 
strengthening  of  the  Elmot  Bar  end.  The  work  was  completed  on  the  5th  of  Feb- 
ruary, 1891,  smce  which  date,  despite  an  immense  accumulation  of  drift,  no  frirther 
damage  has  been  observed  at  this  place.  Two  other  small  breaks,  however,  have 
occurred  in  this  dike  since  the  closure  of  the  main  gap.  Nothing  has  been  done  to- 
ward closing  these  breaks.  In  every  case  where  a  break  has  occurred  an  examina- 
tion of  the  wreckage  shows  plainly  that  the  initial  break  at  least  was  caused  by  the 
weakness  of  the  piling.  After  a  gap  has  been  made  the  rush  of  wat^r  through  it  no 
doubt  rapidly  excavates  a  deep  hole  below  the  foot  mattress,  which  later  gradually 
Hetties  down  as  the  material  under  it  flows  into  the  excavation,  and  the  adjacent 
piles  having  their  penetration  reduced,  their  buoyancy  finally  draws  them  out,  and 
thus  the  gaps  are  widened.  A  peculiar  phenomena  was  noticed  at  one  of  the  breaks 
in  the  Elmot  Chute  Dike,  namely,  that  part  of  the  standing  dike  adjacent  to  the 
break  was  pushed  out  of  alignment,  with  all  piles  standinp^  and  the  different  rows 
preserving  their  parallelism.    The  part  of  the  dike  thus  af^^cted  has  since  gone  out. 

From  observations  made  at  these  two  dikes  I  am  led  to  the  following  conclusions, 
namely,  that  with  the  material  heretofore  used  it  will  be  difficult  to  maintain  a  high 
water  or  33-foot  plane  dike  long  enough  to  accomplish  desired  results  without  heavy 
expenditure  for  repairs.    Too  much  reliance  has  been  placed  on  the  drift  collected 
in  front  of  a  dike  to  make  it  impervious  and  cause  rapid  deposits.    True,  an  accu* 
mulation  of  drift  will  greatly  aid  a  dike,  but  it  is  also  a  continuous  menace  to  its 
stability.    A  mid-stage  dike  constructed  of  brush  cribs  founded  on  floor  mattresses 
where  the  elevation  of  the  bars  is  up  to  or  above  mid-stage,  and  of  pile  dike  across 
the  deep  water,  the  piles  of  which  are  so  driven  that  the  clusters  of  the  second  and 
fourth  rows  stand  between  those  of  the  first  and  third  rows,  or,  in  other  words,  thai 
2  clusters  of  fiirst,  1  of  second,  and  2  of  third  row  stand  in  quincunx  order,  would  ii 
my  opinion  be  more  easy  to  maintain.    The  pile  dike  might  in  addition  have  on  th< 
downstream  row  a  curtain  of  wattling  to  induce  more  rapid  deposits.    The  dikf 
foot  mattress  or  floor  mats  should  be  at  least  200  feet  wide  and  the  snore  protection  ai 
the  roots  of  dikes  extend  at  least  400  feet  below  the  last  or  downstream  row  of  piles 
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• 

If  something  oonld  be  done  to  neutralize  the  dangerous  eddies  and  whirls  which  in- 
variaMy  form  at  the  foot  of  a  revetment  another  danger  would  be  removed.  In  all 
deep-water  dikes  there  should  in  addition  to  the  usual  bracing  be  a  secondary  set 
near  the  low-water  line.  No  piles  that  have  been  cut  more  than  3  months  prior  to 
date  of  delivery  should  be  accepted. 

BSVBTMSNT,  FLETCHER  BEND. 

The  nnrevetted  part  of  this  bend,  3,800  feet  long,  was  cleared  of  standing  timber 
on  three  di£ferent  occasions,  namely :  In  June  a  strip  3,000*  feet  long  and  100  feet 
wide;  in  August  another  similar  strip,  and  in  January,  1891,  a  strip  150  feet  wide, 
3,000  £Bet  long.  This  clearing  was  done  in  order  to  prevent  formation  of  snags,  and 
the  repetitions  were  required  on  account  of  rapid  caving  of  bank.  Stone  to  be  used 
in  the  revetment  of  this  bend  is  now  being  unloaded  behind  the  protected  bank. 

REVlfiTMBNT,  A8HPORT  BEND. 

■ 

As  an  initiatory  step  toward  the  revetment  of  this  bend  to  Gold  Dust  Landing  the 
bonk  is  beingclearecl  of  all  standins^  timber  for  150  feet  back  of  the  present  bank 
liae.    About  25  acres  of  clearing  will  be  required. 

REVETMENT,  OSCEOLA  BAR. 

The  protection  of  the  lower  part  of  this  bar  became  imperatively  necessary  by 
reason  of  extensive  caving  and  the  consequent  rapid  recession  of  the  shore  line. 
This  threatened  to  return  a  large  volume  of  the  river  into  the  almost  closed  Buller- 
ton  Chute.  The  original  project  contemplated  about  7,000  linear  feet  of  revetment, 
but  the  indications  at  present  are  that  but  little  if  any  more  than  the  5,000  feet 
already  completed  will  be  required. 

Active  operations  were  begun  on  November  8  by  beginning  the  grading  of  the 
bank  with  the  hydraulic  jet.  This  work  was  merely  a  test  to  demonstrate  whether 
or  not  the  bank,  which  was  very  sandy,  could  be  thus  graded.  Two  days'  work 
answered  tbis  question  in  the  affirmative,  and  hydraulic  grader  No.  2  was  put  in 
commission,  and  began  work  on  the  11th.  The  pile  driver  also  continued  grading, 
except  when  it  was  occupied *in  driving  the  abutment  piles.  In  the  meantime  a  part 
of  the  bmah  contractors'  force  and  outfit  having  arrived,  they  were  furnished  a 

Snarter  boat  belonging  to  the  United  States,  and  located  near  the  proposed  work, 
'onstmction  of  the  first  mattress  was  begun  on  the  14th.  Owin^  to  incomplete 
organisation  of  the  contractor's  force,  and  consequent  shortage  of  material,  the 
swinging  into  position  was  delayed  until  the  18th.  On  the  same  day  the  river  began 
rising  rapidly,  bringing  down  much  drift.  The  run  of  drift  increased  until  the  23d. 
The  river  was  ooveirea  with  it.  'ITie  drift  boom,  however,  protected  the  mooring 
barges  and  mattress.  thou|j;h  the  boom  had  frequently  to  be  relieved  by  clearing 
away  the  accumulating  dnft.  The  drift  boom  consisted  of  600  feet  of  old  barges, 
with  timber  heads  every  10  feet  along  the  outstream  gunwale,  to  which  were  fastened 
one-half  inch  chains  hanging  in  festoons,  their  bights  being  5  feet  below  bottom  of 
barges.  These  bights  soon  become  choked  with  drift,  and  thus  prevent  any  more 
from  passing  under  the  boom. 

The  lower  boom  barge  rests  against  the.  outer  mooring  barge,  projecting  a  few  feet 
beyond  it,  while  the  upper  boom  barge  rests  against  the  bank. 

Progress  in  mattress  construction,  at  first  slow  on  account  of  an  entirely  inexpe- 
rienced force,  gradually  increased  as  the  men  became  more  familiar  with  tne  work. 
At  first  the  unit  of  day's  work  per  man  was  0.83  linear  feet  of  200  feet  mat- 
trees,  while  toward  the  end  of  the  first  mat  it  was  1.7  feet.    The  first  mattress, 
1,100  by  240  feet,  was  completed  on  December  2,  but  by  retison  of  the  nonarrival  of 
stone  was  not  sunk  until  the  4th.    The  shore  work  had  been  during  the  mattress 
construction  carried  forward  apace  with  the  latter,  so  that  after  the  mattress  was 
sunk  this  section  was  completed  except  ballasting  of  the  upper  shore  work.    This 
first  section  completed  lies  1,200  feet  above  the  foot  of  the  work  and  the  protection 
work  was  begun  here  because  this  place  was  the  most  threatened.     Before  the  mat- 
tress was  sunk  some  caving  took  place  at  its  head,  which  neccMsarily  caused  a  steeper 
:han  the  usual  slope  for  about  150  feet.    A  pond  in  rear  of  this  work  was  drained 
t>y  placing  a  12-inch  box  culvert  with  the  necessary  screens  at  the  intake  and  apron 
it  tne  outlet  under  ground.    This  drain  has  so  far  worked  well.  ^ 

Work  was  pushed  with  as  large  a  force  as  could  be  eeonoinically  employed  witli 

he  limited  plant  available.    On  the  17th  of  December,  Mr.  C.  W.  Sturtevant,  assiMt- 

nt  engineer,  having  completed  the  work  in  Hopefield  Bend,  reported  here  with  plant 

nd  a  &eleton  organization.    His  force  was  rapidly  filled  up  and  he  at  once  begun 

>nstruction  of  mattresses,  shore  work,  and  cribs  at  Section  No.  3. 
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The  river  began  rUing  toward  the  end  of  the  month,  bringing  down  mnch  drift,  and 
for  the  biJance  of  the  season  the  difficulties  and  risks  of  the  work  were  greatly  in- 
creased. 

River  mat  No.  2  was  snnlc  on  December  19,  No.  3  on  Jannarv  6.  and  No.  4  on  Jan- 
nary  13.    All  river  mate  were  1,100  feet  long  and  firom  200  to  240  teet  wide. 

In  addition  to  the  usual  bank  protection,  four  brush  and  stone  crib  dikes  to  close 
chutes  were  constructed.  Each  wss  founded  on  a  floor  mat.  Their  location  and 
dimeusions  are  as  follows :  Between  head  of  Bnllerton  Towhead  and  small  towhead 
1.006  feet  long,  20  feet  wide,  11  feet  hiffh.  Betwera  foot  of  Osceola  Bar  and  head  of 
Bullerton  Towhead,  3^2  feet  Ions,  85  feet  wide.  6  feet  high.  At  section  No.  3, 
Osceola  Bar,  one  100  feet  long,  40  feet  wide,  4  feet  high,  and  one  100  feet  long, 
Z2  feet  wide;  and  3  feet  high.  A  small  towhead  at  head  of  Bullerton  Towhead 
was  also  revetted  around  its  head  and  a  supplemental  mattress  312  by  125  feet 
for  the  lar^e  crib  dike  constructed.  The  method  of  construction  mainly  followed 
is  that  laid  down  in  "details  of  construction,''  now  in  your  possession,  whoee 
essential  features  are  that  the  work  firom  the  outstream  edge  of  nver  mat  to  upper 
edge  of  shore  work  is  continuous.  At  parts  of  sections  No.  3  and  No.  4  this  method 
could  not  be  followed  on  account  of  the  low  banks,  which  were  almost  submerged  by 
the  rapidly  risins  river  before  the  river  mats  were  had.  AU  work  projected  for  the 
season  was  completed  by  the  night  of  February  6,  by  which  time  the  river  had  at- 
tained the  22-foot  stage  with  water  enough  in  sight  to  bring  it  up  to  the  bank-full 
stage.  The  work  as  completed  covers  5,000  feet  of  bnnk  from  the  head  of  Buller- 
ton Towhead up^  and  protects  what  was  the  most  rapi.Uy  caving  bcud  on  the  reach. 
Not  only  did  this  rapid  caving  threaten  to  seriously  det4.'rioratc  the  crossing  below 
but,  what  was  equauy  serious,  it  would  have  ultimately  reopened  Kullertou  Chute, 
where  the  closure  works  were  weakened  from  age,  and  would  not  have  been  able  to 
witiistand  any  large  influx  of  water  and  drift. 

YANKEE  BAR  CHUTE. 

Nothing  has  been  done  toward  the  closure  of  this  chute,  although  a  project  for  a 
light  dike  was  submitted  and  approved,  and  piles  for  the  work  purchased.  These 
have  all  been  expended  on  repairs  to  Elmot  and  Island  No.  30  chute  dikes.  There 
appears  to  be  no  present  necessity  for  this  work. 

•  *  OPERATIONS  WITH  SAND  PUMP. 

The  plant  for  this  work  consists  of  one  12-inch  square  Ball  automatic  cut-off  eng^e, 
one  12-inch  discharge  centrifiigal  pump,  1  hoisting  engine,  one  4-inch  discharge  steam 
pump,  2  pile-driver  boilers,  togetner  with  the  necessary  derrick  and  hoisting  gear, 
the  whole  founded  on  a  condemned  pile  driver  rebuilt  for  that  purpose.  In  order  to 
furnish  the  maximum  amount  of  saud  that  the  pimip  might  be  able  to  lift,  an  appa- 
ratus consisting  essentially  of  a  revolving  scraper  attached  to  the  suction  pipe  and 
operated  by  power  furnished  from  a  small  4  by  b  inch  engine  was  tried.  This  device 
was  abandoned  by  reason  of  its  difficult  manipulation  and  a  double  three-quarter- 
inch  jet  working  in  the  suction  was  substituted.  This  Aimished  all  the  sand  the 
pump  was  able  to  lift.  After  considerable  experimenting  with  the  outfit  it  was 
taken  behind  Elmot  Dike  and  an  attempt  to  sink  drift  was  made.  There  not  being 
enough  discharge  pipe  on  hand,  100  feet  of  box  culvert  was  made  and  added  to  it. 
It  soon  became  apparent  that  the  power  plant  was  insufficient  for  working  the  pump 
at  its  proper  speed.  A  pile  driver  was  brought  up,  coupled  to  sand  boat,  and  an 
additional  supply  of  steam  obtained  from  its  boiler.  This  gave  better  results,  but  it 
was  evident  that  the  engine  was  overloaded.  The  discharge  pipe  being  too  lieht, 
several  joints  collapsed  when  the  pump  was  suddenly  stopped ;  this  was  remedied  by 
the  insertion  into  it  near  the  pump  of  a  piece  of  2-inch  pipe  4  feet  long  and  open  to 
the  atmosphere.  This  prevented  the  formation  of  a  vacuum  and  the  consequent  col- 
lapse ;  though  large  quantities  of  sand  were  pumped  on  the  drift  for  11  days^  no 
visible  results  became  apparent.  The  increased  current  consequent  upon  a  rapidly 
rising  river  no  doubt  dissipated  large  quantities  of  this  material.  On  the  eleventii 
day  of  the  trial  both  boilers  of  the  sand-pump  boat  were  badly  bagged  and  unsafe 
for  further  use  in  that  condition.  Nothing  fiirther  has  been  done  with  the  outfit 
since.  The  experiments  have  demonstrated,  firstl^y,  that  no  satisfactory  results  can 
be  obtained  by  pumping  on  floating  drift,  except  it  be  in  water  unable  to  transport 
sediment,  unless  it  is  first  overlaid  with  a  more  impervious  covering  than  the  orifb 
itself  afford#;  secondly,  that  the  discliar^e  should  take  place  not  less  than  100  feet 
above  the  dike,  and  that  to  avoid  weakening  the  dike  by  robbing  it  of  the  support 
derived  from  the  deposits  sand  should  not  be  taken  closer  than  125  feet  in  rear ; 
thirdly,  that  an  engine  developing  100  horse-power  with  80  pounds  of  boUer  pres- 
sure is  required ;  and,  fourthly,  that  discbarge  pipe,  light,  yet  strong  enough  &  re- 
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Bist  external  atmospheric  preaaare,  and  with  flanged  instead  of  telescopic  joints,  be 
provided.  The  proper  conditions  fbr  the  successfiil  working  of  this  method  of  sink- 
ing and  holding  drift  wonld  be,  drift  resting  on  bottom,  no  appreciable  current  and 
nlenly  of  sand  within  easy  reach  behind  the  dike.  A  combination  of  these  would 
DO  rarely  found  in  practice :  on  the  contrary  at  the  very  place  where  it  is  most  desired 
to  sink  the  drift,  i.  «.,  in  the  deeper  parts  of  the  chute,  currents  strong  enough  to 
transport  sediment  are  encountered,  while  the  sand  to  be  pumped  is  usually  so  far 
off  as  to  require  excessive  length  of  discharge  pipe.  The  favorable  conditions  men- 
tioned above  existed  to  some  extent  in  front  of  Bnllerton  Chute,  Dike  No.  2,  when  in 
the  latter  part  of  1888  the  steamer  Sw)oe8§  was  pumping  sand  there. 

IjE  v££S. 

The  only  r^airs  required  by  the  levees  on  this  reach  was  the  filling  in  of  two 
fiinlts  near  (^Id  Dust,  Tenn.,  caused  by  the  storm  of  March  24, 1890;  200  cubic 
yards  of  filling,  at  15  cents  pjer  yard,  were  required.  At  other  exposed  nlaces  the 
planters  interested  in  the  maintenance  of  levees  stood  ready  to  protect  tiiem  if  re- 
quired. Just  below  Island  No.  SO  Chute  dike  a  large  piece  of  levee  has  caved  in. 
This  caving  was  induced  by  the  break  in  the  dike ;  no  other  damage  has  been 
sustained.  In  this  connection  it  mi^ht  be  stated  that  the  people  on  tiie  Arkansas 
side  have  always  diown  a  more  wDhng  disposition  to  cooperate  in  the  preservation 
of  levees  than  on  the  Tennessee  side. 

RKPA1R8  TO  PLAITT. 

This  work  has  been  continued  finom  June  1, 1890,  to  January  28, 1891,  when  the  re- 
pair force  was  disbanded.  Bepairs  were  resumed  on  March  23, 1891,  and  have  been 
continued  since.  The  principal  work  since  the  resumption  has  been  the  reconstruc- 
tion of  district  bar|y^,  of  wnich  20  will  be  rebuilt ;  2  mooring  barges  will  also  be 
constructed  by  taking  2  district  barges,  lengthening  them  to  120  feet,  and  otherwise 
changing  and  strenguiening  them.  The  district  barges  when  rebuilt  will  be  prac- 
ticalfy  as  good  as  new  ones.  The  cost  ranges  from  $1,000  to  $1,200,  according  as 
more  or  lees  of  the  old  barge  can  be  utilized.  Usually  tne  first  gunwale  strake,  the 
bottom,  floor  stringers,  and  transverse  and  longitudinal  bulkheads  are  found  to  be 
good,  and  sometimes  the  rakes  and  rake  timbers  also.  The  steamers  Kims,  Crrdham, 
and  Itaaea  have  been  thoroughly  repaired.  The  former  has  a  new  battery  of  boil- 
ers, the  Grahdm  is  now  having  hers  repaired  at  Memphis,  where  the  Titan  also  is 
awaiting  a  new  set,  and  a  new  flue  boiler  is  recommended  for  the  Jtasca.  The  launch 
Alihot,  whose  entire  upper  works  were  burnt  on  the  night  of  September  20,  was  re- 
built and  again  ready  for  duty  on  November  6. 

The  dock  constructed  in  18&  has  since  been  in  almost  constant  use,  has  worked  ad- 
mirably, and  has  cost  but  very  little  for  repairs. 


CARK  OF  PLANT. 

The  plant  is  divided  into  two  divisions,  one  along  the  Arkansas  bank  at  Lynch 
lianding,  and  the  other  and  larger  at  Island  No.  30.  Headquarters  are  at  the  former, 
where  iQso  the  repairs  are  made.  At  the  Island  No.  30  division  there  is  laid  up  among 
some  serviceable  plant  all  the  unserviceable  recommended  for  condemnation  and 
awaiting  final  disposition.  Steps  are  now  being  taken  with  a  view  of  consolidating 
the  serviceable  part  of  the  plant  along  the  Arkansas  bank.  This  has  been  delayed 
'in  hopes  '^at  some  final  disposition  of  the  unserviceable  plant  would  shortly  be 
made.    The  consolidation  of  the  fleet  will  reduce  the  expenses  of  the  care  of  plant. 

OOKDITION  OF  PLANT. 

m 

As  intimated  above  a  large  part  of  the  plant  is  unfit  for  service  in  its  present  con- 
dition.   Mnch  of  it  will  cost  large  sums  lor  repairs,  and  for  some  of  it  there  would 
be  no  use  even  if  it  were  serviceable.    Notably  is  this  the  case  with  pile  drivers,  of 
which  not  more  than  12  will  probably  ever  be  in  commission  at  one  time.    Of  mat- 
tress barges  there  is  but  1  out  of  the  8  that  could  be  made  serviceable  at  a  reason- 
able cost.    Of  mooring  barges  there  are  2  belonging  to  second  district ;  these  are  no 
onger  considered  safe.    There  are  also  2  general  service  barges  which  were  used  last 
eaaon  for  this  purpose.    These,  with  some  repairs,  are  good  for  another  season's 
ork.    Quarter  Doats,  steamers,  10  pile  drivers.  3  hydrauhc  graders,  1  derrick  boat, 
Aand-purop  boat,  2  store  and  supply  boats,  2  machine-shop  boats,  1  headquarter 
mtf  3  barges,  1  kitchen  and  bake  shop  boat  are  in  good  condition. 
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The  former  headquarters  boat  AmtUa  (oT  No.  2),  being  no  longer  considered  safe  and 
the  estimated  cost  of  repairs  being  considered  more  than  it  would  be  prudent  to 
si>end  on  such  an  old  Yessel,  it  was  decided  to  change  one  of  the  quarter  boats  into  a 
headquarters  boat.    Quarter  boat  No.  29  was  decided  on  after  being  thoroughly  re- 

£  aired  and,  changed  to  suit  her  new  purpose^  is  now  known  as  Amelia  No.  f .    The 
oat^  though  rather  small,  is  convenient  and  comfortable. 

PBBSENT  GONDinON  OF  WORKS. 

With  the  exception  of  the  dikes  in  Elmot  and  Island  No.  30  chutes,  the  works  are 
iu  fair  condition.  Those  constructed  since  1885  are  in  very  good  condition,  having 
Huff'ered  but  slight  damage. 

At  Daniel  Point  an  enlargement  of  the  fault  noticed  after  the  subsidence  of  the 
1890  flood  is  noticeable ;  this  fault  is  close  to  the  head  of  the  work  and  at  the  place 
where  during  construction  so  much  trouble  was  encountered  with  la^e  }M>cket8  of 
yellow  sand.  The  fault  consists  in  two  sags  and  a  slight  rupture  of  the  revetment. 
When  the  contemplated  extension  at  the  head  is  begun  the  new  work  should  run 
down  far  enough  to  cover  these  faults.  The  balance  of  the  Daniel  Point  work  is  in 
first-class  condition.  At  Fletcher  Bend  all  work  is  in  fine  shape.  This  work  derivea 
additional  importance  from  the  fact  that  two  novelties  were  introduced,  namely,  the 
interrupted  revetmeut  and  the  protection  of  the  above  water  slope  by  a  stone  pave> 
ment  without  the  usual  substructure  of  brush  and  poles.  Two  floods  of  long  dura- 
tion have  passed  since  the  interrupted  revetment  was  constructed,  and  the  unrevetted 
blocks  of  Danks  from  300  to  400  feet  long  stand  to-day  almost  in  the  same  condition 
and  shape  as  they  were  left  by  the  construction  parties  in  1888.  The  block  at  Elmot, 
500  feet  long,  has  caved  somewhat  at  its  lower  end,  which  is  the  head  of  section  £. 
The  upper  end  of  the  caving  would  just  about  reach  a  point  400  feet  below  the  foot 
of  section  D.  Whether  this  would  indicate  that  the  limit  of  protective  influence 
«^xerted  by  the  revetted  section  above  is  400  feet  I  am  not  prepared  to  say.  When  the 
work  at  section  £  was  be^uu  it  was  found  necessary  to  use  sluice  boxes  for  the  grad- 
ing of  the  first  150  feet  at  its  head,  because  thick  layers  of  fine  sand  were  encountered ; 
considering  this,  and  the  fact  that  the  material  composiug  the  bank  as  exposed  at  the 
300  and  4(lS  feet  is  much  less  friable  and  not  so  easily  eroded,  we  may  with  equal 
justice  assume  that  the  caving  here  is  due  to  composition  of  bank  and  not  to  length 
of  block.  Should  any  more  interrupted  revetment  be  constructed  I  would  recom- 
mend the  grading  of  the  unprotected  bank.  The  1,000  feet,  commonly  called  the 
pavement,  is  in  fine  shape  and  entirely  covered  with  silt.  As  this  ^iece  of  bank  lies 
in  the  deep  bight  of  the  bend,  and  as  very  little  strain  is  against  it,  it  would,  until 
tried  at  some  more  exposed  place,  be  rather  premature  to  venture  au  opinion  as  to  its 
stability.  It  may,  however,  be  accepted  as  a  fact  that  a  very  flat  slope  is  necessary 
for  this'kind  of  revetment.  The  reasons  are  that  when  much  seepage  water  is  run- 
ning out  the  slopes  become  quite  soft,  and  stone  lying  on  a  steep  slope  would  proba- 
bly oegin  to  slide  with  the  soft  material.  The  brush  work  can  not  slide  as  long  as 
the  transverse  cables  hold. 

Plum  Point  revetment  is  somewhat  broken  up  at  its  foot,  caused  by  excessive  cav- 
ing of  the  unprotected  bank.  At  Osceola  Bar  the  revetment  is  undamaged.  Crib 
No.  2  should  ix^  extended  about  50  feet  upstream  to  cover  some  scouring  out  that 
took  place  while  the  work  was  awaiting  stone  for  sinking  last  February.  There 
should  be  some  additional  hallaHting  done  here,  as  is  now  being  done  at  Fletcher 
Bend.  Bnllerton  tow-head  revetment  is  unchanged  and  in  fair  condition,  as  is  also 
the  old  work  at  upper  end  of  Osceola  Bar  and  Fletcher  Bend.  Osceola  and  BiiUer- 
ton  chutes  are  practically  rlcmed  at  the  10-feet  stage,  there  being  no  measurable 
discharge  through  them  at  that  stage. 

VNI.OAUING   OF   STONK. 

Thirty-two  thousand  cubic  yards  of  stone  are  to  be  stored  here  for  use  in  the  com- 
ing season's  operations ;  12,000  yards  will  be  stored  behind  the  protected  bank  at 
Fletcher  Bend  and  20,000  at  Daniel  Point.  As  the  handling  of  stone  has  heretofore 
been  very  expensive,  an  unloading  device  has  been  constructed,  which  is  unloadiufir 
the  stone  at  the  present  low  stage  of  river  for  less  than  15  cents  per  yard,  or  at  about 
two-fifths  the  cost  of  unloading  with  wheelbarrows.  Tlie  device  consists  of  an  over- 
head 1-inch  steel  wire  rope  fastened  to  a  tree  on  the  bank,  running  £rom  thence  to 
and  over  a  sheave  about  midway  up  the  mast  on  the  derrick  boat,  thence  down 
through  liollow  gudgeon  at  foot  of  mast  and  thence  to  engine.  Upon  this  cable  rune 
a  traveler,  to  wiiieh  hangs  suspended  a  carriage  carrying  1  yard  of  stone.  The 
traveler  is  hauled  out  and  ju  by  the  engine.  As  the  cable  is  tautened,  it  raises  the 
carriage,  and  when  slackened  lowers  Jt  to  deck  of  stone  barge,  when  the  empty  one 
is  unhooked  and  a  loaded  one  hooked  on.  As  there  is  but  little  lateral  movement  tc 
the  device,  a  portable  track  is  laid  on  the  barge  and  the  carriages  are  provided  with 
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trucks,  thiu)  euabluiir  iliem  to  be  ran  from  oue  end  of  the  barge  to  the  middle  or  to 
the  opposite  end.  When  everything  works  well  24^-minnte  trips  are  made  by  the 
carriages.  The  dumping  is  done  automatically  at  any  place  on  the  line  desired.  A 
second  machine  is  now  being  constructed  in  order  to  prevent  a  possible  barge  famine 
at  ttke  quarries.  Of  course  the  machines  are  equally  applicable  to  reloading  the 
stone  on  the  barges. 

GENERAL  RKMAKKtJ. 

When  the  short  piece  of  Plum  Point  revetment  was  constructed  the  Island  No.  30 
i-rossing  struck  fairly  against  the  bank  to  be  protected.  Now  that  the  crossing  has 
moved  farther  down  and  strikes  the  unprotected  bank  an  extension  of  the  rovetnu^nt 
downstream  about  1,000  feet  is  suggested.  This  would,  I  think,'eifectnally  check 
all  fiirther  caving  liable  to  deteriorate  the  Plum  Point  crossing.  At  the  foot  of  suc- 
tion £y  Fletcher  Bend,  considerable  caving  took  place  after  tiie  subsidence  of  the 
last  flood.  This  is  gradually  extending  downstream,  and  may  suggest  the  necessity 
of  an  extension  of  section  £.  The  slopes  used  during  1888  and  1889  were  1  on  4. 
This  was  changed  in  1890  to  1  on  3^  a  change  which  seems  to  be  a  retrograde  move- 
ment. At  places  where,  owing  to  caving  or  sloughing  oft'  of  the  bank  during  construc- 
tion, we  were  necessarily  conceited  to  adopt  a  steeper  than  the  1  on  4  slope,  notably 
at  Daniel  Point,  faults  in  the  otherwise  perfect  work  are  visible.  I  believe  that  the 
life  of  a  revetment  depends  on  the' flatness  of  the  slope.  The  revetment  constructed 
during  1890-1891  being  all  laid  on  the  steeper  slopes,  and  being  in  exposed  situations, 
ought  soon  to  demonstrate  the  truth  or  falsity  of  this  position.  No  loss  of  revetment 
work  has  been  sustained  during  the  year  nor  during  the  two  previous  years.  This 
no  doubt  is  due  to  improved  methods  of  construction,  to  the  use  of  steel  shackle  and 
Diooring  lines,  and  the  use  of  dnft  booms.  At  Osceola  Bar  only,  while  working  on 
the  second  section,  did  we  have  a  favorable  stage  of  river.  During  construction  of 
the  balance  of  the  work  it  was  a  continual  contest  with  rising  river  and  large  quan- 
tities of  drift.  Despite  the  drift  boom  and  the  steel  ropes  the  strains  were  so  great 
that  on  one  occasion  a  f-inch  steel  rope,  and  at  another  a  1-inch  one  parted. 

It  is  hoped  that  at  the  end  of  the  coming  season's  work  an  equally  satisfactory 
showing  can  be  made. 


Respectfiilly  submitted.  . 


Capt.  S.  W.  ROESSLBR, 

Corps  of  Engineers, 


Aug.  J.  NoLiy, 
Assistant  Engineer,  in  charge. 
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PAPER  BY  MR.  AUG.  J.  NOLTY,  ASSISTANT  ENGINEER,  ON  DETAH^  OF  CONSTIIUCTION 
OF  BANK  PROTECTION  AS  PRACTICED  AT  PLUM  POINT  REACH,  1890. 

1.  The  crest  line  of  slope  is  staked  out  for  the  entire  length  of  the  proposed  work. 
The  slope  is  4  to  1,  counting  from  the  zero  contour.  Tlie  bank  is  then  cleared  from 
the  edge  to  50  feet  back  of  the  crest  line. 

2.  As  soon  as  a  sufficient  length  of  bank  is  cleared  grading  will  begin.  If  more 
than  one  grader  is  available,  tliey  will  take  such  intervals  as  will  permit  them  to 
finish  at  aoont  the  same  time,  if,  however,  it  is  desired  to  begin  mattressing  tis 
early  as  possible,  the  intervals  must  be  shortened.  There  are  two  methods  of  grading, 
namely,  by  hydraulic  jet  and  by  sluicing.  The  latter  method  is  only  permissible,  on 
account  of  its  greater  cost,  where  the  nature  of  the  soil  precludes  the. use  of  the  jet. 
Sluicing  is  done  as  follows :  Sluice  boxes  are  laid  on  the  slope  and  up  to  the  face  left 
by  the  grader.  A  line  of  hose  is  run  from  a  pile  driver  up  to  the  top  of  slope  and 
into  the  first  sluice  box.  From  12  to  20  men  are  distributed  along  the  line  on  top  of 
the  ung^raded- bank,  who  shovel  the  dirt  into  the  boxes,  whence  it  is  washed  out  with 

le  water  fhrnished  by  the  pile  driver.    About  6  feet  wide,  the  entire  length  of  the 

[ope,  13  taken  for  eacn  shift,  and  care  must  be  taken  to  slope  tlie  higirparts  of  the 

iut  a  little  to  decrease  the  danger  of  caving  on  top  of  the  men.     As  soon  as  this 

block  is  out  down  to  the  proper  grade  the  boxes  are  moved  and  a  new  block  cut  down ; 

iust  sufficient  water  must  be  pumped  to  easily  move  the  material.    One  man  is  sta- 

oned  at  the  boxes,  whose  duty  it  is  to  prevent  choking  up.    At  the  discharge  end  of 

e  boxes,  if  neeessiiry,  brush  must  be  laid  under  the  overfall.    This  is  done  to  pre- 

mt  caving.     With  the  d^y'draulic  graders  two  jeLs  are  worked  at  1(>0  to  170  ]>ounds 

mp  pressure.     With  the  jiile  <lrivers  only  ouc  jot  cau  be  worked  by  tlie  x>iimp. 
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After  grading,  the  bank  is  dressed  by  hand,  aU  holes  being  filled  np  with  bnuh  and 
dirt.  When  sluicing  is  resorted  to,  the  latter  operation  is  not  necessary,  as  the  slope 
is  finished  np  as  the  grading  proceeds. 

3.  Simultaneously  with  the  grading,  or  at  any  time  after  clearing  of  bank,  all  snags 
lying  along  the  site  of  the  proposed  mattress  are  removed  by  blasting  from  the  snr- 
foce,  by  pulling  out  with  a  steamboat  where  possible,  or  with  the  aid  of  a  submarine 
diver.  The  latter  method  is  costly,  but  is  the  best  where  there  are  many  snags.  The 
firnt  and  second  methods,  of  course,  can  only  be  applied  to  those  visible:  the  last 
method,  provided  we  have  an  honest  diver,  gets  them  all.  In  most  cases,  nowever, 
the  first  and  second  will  give  reasonably  good  results. 

4.  As  soon  as  100' feet  or  more  of  Imuk  is  graded,  and  snags  removed  from  in  ftxint, 
the  mooring  barge  abutment  and  the  abutment  piles  will  be  driven.  The  abutment 
is  rx>ustrnctod  as  follt)W8,  viz:  Two  piles,  15  feet  apart,  and  parallel  with  the  hank 
line,  are  driven  from  10  to  15  feet  inside  the  low  water  or  zero  line ;  two  clusters  of  two 
piles  each,  all  driven  at  the  zero  line,  and  directly  opposite  to  the  two  first  piles;  an 
inclined  brace  or  strut  then 'connects  ctich  cluster  to  its  companion  pile  in  rear. 
The  twin  piles  must  be  at  least  10  feet  above  the  prevailing  stage  of  water  to  allow 
for  any  rise  in  the  river.  The  roar  piles  may  be  5  feet  lower.  The  braces  must  be 
sawed  off  flush  with  the  face  of  the  twin  piles  to  allow  the  free  oscillation  of  the 
mooring  barge,  llie  twin  piles  are  driven  one  behind  the  other  and  parallel  with 
the  long  axis  of  the  brace.  Tliis  abutment  must  be  driven  high  euoneh  upstream  so 
that  when  plant  is  swung  into  position  the  head  of  mattress  will  oe  on  the  line 
designated  for  it.  Single  piles  100  feet  apart  and  at  least  10  feet  above  the  prevail- 
ing stage  are  driven  on  the  zero  line  for  the  entire  length  of  the  proposed  mattress. 
The  object  of  the  abutment  and  the  abutment  piles  is  to  keep  the  inner  edge  of  the 
mattress  on  the  zero  line  throughout  the  varying  stage  of  water.  After  the  comple- 
tion of  the  work  these  piles  are  removed;  otherwise,  they  would,  when  submerge<I, 
form  dangerons  obstructions  to  navigation;  where  the  l>ank  is  tolerably  blufl*.  ami 
not  caving,  the  rear  row  of  piles  in  the  abutment  may  be  omitted  and  the  braces 
footed  directly  on  the  luink. 

5.  While  the  abutment  is  being  constructed  the  two  mooiing  barges,  having  be^-u 
firmly  lashed  end  to  end,  are  brought  alongside  the  l»ank  above  the  abutment. 
Out«ide  of  these  barges,  parallel  with  them  and  with  the  ways  touching  the  gunwale 
of  moorinff  barges,  is  brought  the  mattress  or  weaving  barge.  The  head  lin«'s,  vim- 
si.stiug  ol  one  li-incli  flexible  wire  rope  for  the  presmt  upstream,  latvr  i\\v.  out- 
stream  end,  two  l^inch  flexihle  wire  roiies  for  the  next  two,  and  three  l-in<*h  for 
the  balance,  are  run  to  trees,  sound  stumps  or  dead  men  well  back  from  the. edge 
of  the  bank  and  temporarily  faHtened.  The  three  large  cable*  will  be  on  the  up- 
stream barge,  and  the  three  smaller  on  the  downstream  one.  W^hen  in  pOHiti<ui.  tht» 
upstream  barge  becomes  the  outnide  one.  Mattress  lietifl  lines  are  also  run  (»nt  as 
follows:  Two  flexible  li-inch  wire  eablen,  two  1-inch,  and  one  J-inch,  in  the  fidltiw- 
ing  order;  the  smjiller  next  to  inner  edge,  then  the.  two  1-ineh,  followed  by  the  two 
Ijhinch  oncH,  with,  as  near  aH  i>oHHihle,  equal  intervals  between  them,  being,  how- 
ever, <'arefnl  to  have  the  outstn.'ani  cable  c-lose  to  outer  edg«^  of  mat.  These  last 
eables  must  be  pawsed  under  the  mooring  luirge  an<l  brou;jfht  up  (Ui  the  outside  gun- 
wale, where  they  are  temporarily  secured  like  the  mooring  barge  head  lines.  All 
these  cables  t'omewith  an  eye  splieed  in  one  end.  These  eyes  are  the  river  ends  and 
are  secured  as  follows:  On  the  niooriu«:  barge,  <»n  the  upstream  side,  are  large  timber 
heads  fitted  with  heavy  iron  bands,  whoso  u))streain  en<lM  are  formed  into  eyes,  hav- 
ing a  1^-inch  bolt  passing  through  tlu^m.  Hetweeu  these  eyes  the  eye  of  tin*  <'ahle  is 
brought  and  the  whole  thing  bolted  together.  To  fasten  the  mattress  headlines, 
straps  of  sound  2-inch  nianilla  rope  are  used,  which  are  fa«ten<'d  to  the  nuit  tress  head 
and  run  back  into  the  mat,  at  h'ast  25  feet  being  securely  fastened  by  means  of  a 
pin  shackle  of  re(iuisite  strength.  In  handling  these  cables  eare  must  be  taken  not 
to  kink  them  nor  to  fasten  them  around  anything  less  than  18  inehes  in  diameter. 
While  the  lines  are  being  run  out  a  party  has  begun  on  the  niattn^ss,  tju*.  lirst  step 
in  this  operation  being  the  eoiistru<'tion  of  the  lieiid. 

6.  The  head  of  the  mattress  is  rcmstructed  as  iVdlows:  Hard  wcmmI  jMdes,  as  large 
as  can  be  conveniently  handled  by  a  ^ang  of  men,  and  reasonably  straight,  are  laid 
in  two  lines  on  the  ways  over  and  parallel  to  the  inner  (or  upstream)  gunwale. 
These  poles  lap  each  other  10  to  15  feet,  the  two  lines  breaking  joints.  Where 
they  lap  they  are  spiked  together  with  8  inch  by  i  inch  spikiM)  eve^y  2  feet,  and  are  then 
tied  to;;ether  with  No.  12  galvanized  wire  at  intervals  of  10  feet,  except  at  the  laps» 
where  there  should  be  at  least  two  ties.-  This  limi  of  poles  must  of  course  be  equal 
in  length  to  the  width  of  mat.  Upon  these  ]M»le8  the  lirst  set  <»f  weavinjLj  poles,  one 
for  «'ach  way  and  parallel  to  them,  are  spike<l  with  t  wo  S  inch  by  ^  inch  spikes  for  each 
p(»I«-,  and  lashed  witii  No.  12  win*.  (The  lMitt-eu<l  is  the  end  to  be  fasteueil.)  An 
other  set  (if  head  poles  similar  in  all  respects  to  the  bottom  set,  is  then  spiked  anc^ 
lashed  on  to]»  of  the  weaving  poles.  The  whole  head  thus  consti'ucted  is  thei 
securely  wired  together.    The  weaving  poles  are  live  willow  or  cotton  wood,  reiisoQ. 
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ably  straight,  4  to  6  inohee  diameter  at  bntt  and  from  25  to  30  feet  long.  To  facil- 
itate weaving  all  knots  are  trimmed  off  and  the  top  and  bottom  roughly  shaved 
with  a  draw  knife.  A  cable  made  of  8  strands  of  No.  12  wire  is  fastened  around  the 
head  of  the  mat  at  every  third  weaving  pole  and  run  up  alongside  of  them,  being 
Htapled  with  two  staples  to  the  pole.  These  cables-  are  made  about  4^  feet 
long,  with  an  eye  in  each  end,  then  cut  in  the  middle  of  their  length,  thus  mak- 
ing two  cables,  each  having  an  eye  for  looping  together.  After  each  shift  of  mat  a 
new  length  of  cable  is  looped  on  the  preceding  one.  Thus  making  10  continuous 
cables  through  the  mat.  They  give  strength  to  the  mat  anc].  hold  up  the  brush  in 
case  the  weaving  poles  should  break  in  launching.    Weaving  can  now  begin. 

7.  The  brush  iu»ed  for  weaving  is  live,  straight  willow  of  any  leugth  above  25 
feet,  being  not  less  than  2  inches  nor  more  than  4  inches  at  the  butts. 

A  full  complement  of  men  for  a  200- foot  mat  is  54,  divided  in  three  equal  gangs, 
each  one  under  a  master  laborer,  and  the  whole  under  charge  of  a  foreman.  Each 
^ang  is  distributed  as  follows :  5  men  are  on  the  brush  barge  and  pass  the  brush  to 
the  weaving  party,  which  numbers  12  men ;  1  man  is  on  top  of  mat  where  he  packs 
the  brush,  as  the  weavers  push  it  down,  with  a  wooden  maul.  Each  gang  has  about 
one-third  df  the  width  of  mat. 

The  brush  barge  is  brought  on  the  outside  of  mat  bar^e  about  midway  of  the  two 
ends.  One  barge  loaded  with  poles  is  hung  to  each  end  oi  mat  barge.  A  coil  of  2-inch 
rope  is  placed  on  each  end  of  mat  barge,  and  the  free  ends  fastened  to  the  proper 
timber  heads  of  the  mooring  barges.  The  wavs  are  slushed  with  axle  grease  or  tal- 
low, to  reduce  firiction  of  brush  against  them  both  in  weaving  and  launching  off;  27 
^-eaving  poles  are  used  in  a  200-foot  mat.  They  are  placed  alongside  the  w^ays  and 
their  upi>er  ends  rest  in  brackets  bolted  to  the  upright  posts. 

The  brush  is  passed  by  the  brush  men  to  the  weavers,  who  come  in  pairs,  and  by 
them  taken  to  uie  proper  place.  The  butts  are  placed  over  one  weaving  pole  and  2 
feet  beyond  them  the  brush  passes  over  the  next  pole,  under  the  third,  over  the 
fourth,  and  so  on,  the  light  tops  being  always  left  on  top.  A  strip  of  5  feet  in  width 
is  woven  this  way,  when  for  tne  next  5  feet  the  butts  are  reversed.  Thus,  in  every 
alternate  strip  of  5  feet  the  butts  point  one  way  and  in  the  opposite  direction  in  the 
other  strips.  The  weaving  is  continued  to  within  2  feet  of  the  top  of  poles  which 
'will  give  about  22  feet  of  mat.    The  next  step  is  to  swing  into  position. 

8.  Two  coils  of  2  inches  and  one  of  l^inch  manilla  rope  are  used  for  s  w  inging  around, 
the  smaller  line  being  used  on  the  downstream,  or  what  will  soon  be  the  inside  end. 
The  shore  ends  having  been  fastened  and  the  mooring  mat  and  brush  barges  having 
been  lashed  to  close  contact,  the  whole  outfit  is  dropped  down  until  the  lower  end 
of  mooring  barge  is  within  a  few  feet  of  the  upper  end  of  abutment.  The  upstream 
or  outside  lines  will  be  now  slowly  slacked  off  and  the  whole  thing  allowed  to  swing 
nearly,  but  not  quite  perpendicular  to  bank  and  held  there.  The  slack  of  the  moor- 
ing barge  cables  is  now  taken  in  from  the  bank  so  as  to  get  as  nearly  as  possible  an 
equal  strain  on  all.  Tliey  are  then  fastened  permanently  with  clamps  furnished  for 
that  purpose.  Five  1^  inch-manilla  lines,  100  feet  long,  are  fast'Cned  equidistant  on 
the  mat,  and  pass  up  underneath  to  the  way  supports,  where  they  are  fastened  to 
kevels.  These  are  used  to  hold  the  mat  from  sliding  off  the  ways  prematurely. 
They  are  slacked  off  in  launching  and  must  be  shifted  along  the  mat  from  time  to 
time  as  weaving  progresses.  The  shift  of  mattress  previously  made  is  now  slid  off 
until  the  head  of  mat  touches  the  downstream  gunwale  of  mooring  barge,  when  the 
slip  lines  are  put  on. 

9.  The  slip  lines  are  l^-inch  manilla  rope,  about  125  feet  long,  and  number  18  for 
a  200-foot  mat.  Each  has  an  eye  large  enough  to  pass  over  the  proper  timber  heads, 
at  one  end.  This  eye  is  placed  over  the  timber  head,  the  free  end  is  passed  under 
the  bead  of  mat  and  up  again  on  its  downstream  side  and  then  hauled  taut  and  fas- 
tened oil  its  timber  head.  The  mattress  head  will  now  hang  in  18  slings.  When 
these  slip  lines  are  all  adjusted  the  mat  is  further  slid  off  until  the  downstream  edge 
is  over  the  upstream  gunwale  of  the  weaving  barge.  The  office  of  these  lines  is 
threefold;  they  prevent  the  current  from  forcing  the  head  under  at  the  first  shift; 
they  hold  up  the  head  well  out  of  water  during  construction,  and  are  used  to  lower 
the  mat  down  any  required  depth  in  sinking.  They  are  of  the  utmost  importance 
and  should  be  carefully  watched.  The  mat  is  now  slid  ofi'  until  its  downstream  edge 
is  about  half  way  between  the  end  of  the  extended  ways  and  the  upstream  gunwale 
of  mat  barge.  Tnis  will  equal  about  22  feet  of  mat  at  a  shift.  A  new  set  of  wc^uving 
poles  is  now  spliced  to  the  projecting  ends  of  the  first  set,  the  butts  of  the  new  set 
oeing  spliced  to  the  tops  of  the  preceding  one,  after  having  been  pushed  into  the  mat 
about  3  feet,  thus  makmg  a  lap  of  5  feet.  Two  8-inch  by  J-inch  spikes  and  two  wire 
lashings  are  used  to  each  splice.  The  weaving  now  continues,  as  before  desiribed, 
to  within  2  feet  of  top  of  poles,  when  another  launch  is  loode,  and  so  on.  until  the 
ftill  length  of  mat  is  made.  AVHiile  the  poles  are  spliced  on,  tlie  brush  men  place  a 
mfficient  number  of  poles  on  top  of  tlie  mat,  to  be  afterward  >viretl  dowu,  as  do- 
loribed  farther  on.    The  mattress-head  cables  should  now  be  fastened  to  mat,  as 
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described  above,  their  Black  hauled  in  from  the  bank,  being  careful  to  strain  them 
equally,  and  the  ends  permanently  and  securely  fastoied.  The  caution  given  above 
to  be  careful  in  handling  the  wire  cables  is  here  reiterated.  Do  not  get  any  kinks 
in  them,  make  no  sharp  oends,  use  nothing  less  than  18  inches  in  diameter  around 
which  to  fasten  them,  and  when  ungalvanized  cables  are  used  keep  them  well 
greased  with  heavy  dope.  When  taken  up  they  should  be  well  washed  and  greasetl 
while  being  wound  on  their  respective  reels.  The  mooring  barges,  it  will  be  remem- 
bered, are  not  yet  quite  in  their  proper  position,  t.  0.,  they  are  not  quite  perpendic- 
ular to  the  bank.  As  the  construction  of  the  mat  progresses,  and  more  strain  is 
thrown  on  the  cables  by  ^e  increasing  amount  of  mattress  afloat,  the  head  cables 
are  tautened,  and  in  most  cases  this  taking  up  of  slack  will  bring  everything  into 
its  proi>er  position.  If  not,  the  cables  must  be  slacked  off  sufficiently  to  bring  it  so. 
The  general  foreman  should  personally  inspect  all  the  fastenings  at  least  once  a  day, 
and  see  that  each  cable  bears  its  proper  strain.  When  the  plant  is  in  proper  position, 
the  brush  barge  is  close  up  to  and  parallel  with  the  weaving  barge,  and  the  two  pole 
barges  hang  end  on,  one  from  each  end  of  the  weaving  barge. 

10.  The  top  grillage  is  begun  as  soon  as  two  or  three  shifts  of  mat  are  launched  off, 
and  is  laid  as  foUows  t  A  line  of  poles  is  laid  over  the  weaving  poles,  lapping  each 
other  (butts  to  tops)  from  6  to  8  feet,  and  wired  to  the  weaving  poles  every  4  feet  by 
lashings  2  feet  long,  made  of  two  strands  of  No.  10  wire.  Transverse  poles  8  feet 
apart  ror  the  first  hundred  feet  of  mat,  and  thereafter  16  feetf  apart,  are  laid  in  a 
similar  manner  and  lashed  to  the  longitudinal  ones  wherever  they  cross  by  lashingn 
2  feet  long  made  of  four  strands  of  No.  12  wire.  This  grillage  strengthens  the  mat 
and  also  forms  cribs  for  holding  the  stone  ballast.  The  first  set  of  transverse  poles 
along  the  inner  edge  are  hard  wood  and  are  only  8  feet  apart  throughout  the  length 
of  mat.  Where  these  come  between  the  16-foot  spaces  they  are  only  one  polo  iu 
length,    lliey  are  used  in  connecting  the  shore  mat  to  the  river  mat. 

11.  The  construction  of  shore  mat,  which  must  keep  progress  with  the  river  mat, 
is  done  by  a  gang  of  from  30  to  40  men  under  a  foreman  and  one  master  laborer, 
llie  water  space  to  be  spanned  in  doing  this  part  of  the  work  varies  according  to 
the  stage  of  river  from  0  to  60  feet,  as  the  inner  edge  of  river  mat  is  at  all  stages 
kept  by  the  abutment  piles  over  the  zero  contour  line.  The  shore  mat  is  constructed 
as  follows  (a  small  flat  being  used  for  convenience  whenever  it  can  be  easily  floated 
between  the  mat  and  the  bank) :  Hard  wood  poles  of  the  size  of  the  weaving  poles 
are  lashed  to  the  mat  with  three  No.  12  wire  lashings  2  feet  Iohjb^,  and  spiked  with  two 
8  inch  by  i  inch  spikes.  Willow  poles  (or  cotton  wood)  are  spliced  to  these  until  they 
reach  up  the  slope  about  40  feet.  Alongside  and  fastened  to  each  one  of  the  hard 
wood  poles,  is  a  cable  made  of  eight  strands  of  No.  10  wire,  one  end  of  which  is  fas- 
tened to  two  of  the  adjacent  weaving  polos,  the  other  being  fastened  to  the  willow 
extensions  on  the  slope.  Upon  these  transverse  poles  are  laid  longitudinally  willow 
or  Cottonwood  poles  8  feet  apart,  beginning  with  the  first  sot  about  4  feet  from  the 
edge  of  the  mat.  We  thus  form  a  grillage  of  8-foot  squares.  The  latter  poles  are 
wired  to  the  former  at  their  intersection  with  lashings  of  No.  12  wire,  2  feet  long, 
llie  longitudinal  poles  are  carried  in  lines  8  feet  apart  up  to  top  of  slope,  and  on 
their  lower  sides,  o  feet  apart,  are  driven  stakes  2.5  feet  above  ground,  to  the  top  of 
which  is  fastened  loosely  a  lashing  of  No.  12  wire,  2  feet  long,  "^ose  bight  has  been 
first  passed  under  the  pole.  These  stakes  are  carried  down  to  the  pole  nearest  to 
waters  edge.  They  indicate  the  comers  and  are  a  guide  in  laying  the  top  grillage, 
besides  holding  the  lashings  for  tying  together  the  whole  work.  Upon  this  founda- 
tion a  layer  of  brush  is  laid  diagonally  and  with  the  butts  all  toward  top  of  slope 
and  breaking  joints  throughout,  except  at  top  of  slope,  where  the  butts  all  come  on 
a  straight  line  corresponding  to  the  crest  line,  and  for  the  first  length  of  brush  next 
to  the  river  mat  where  the  butts  all  abut  against  the  edge  of  mat.  A  second  layer  of 
brush  is  laid  upon  the  first  in  an  opposite  direction,  with  the  butts  pointing  to  top 
of  slope  and  breaking  joints.  The  diagonality  of  each  layer  should  be  su«h  that  the 
two  layers  form  a  right  angle  with  eacli  other.  The  upper  line  of  butts  of  top  layer, 
as  well  as  the  bottom  line,  are  like  those  of  the  bottom  layer,  i.  «.,  a  straight  line. 
On  top  of  this  brush  are  laid  poles  of  willow  or  cottonwood  in  longitudinal  rows  8 
feet  apart,  directly  above  the  lower  set.  The  lashings  held  by  the  stakes  are  now 
used  to  tie  the  whole  strongly  together.  On  top  of  these  are  laid  transverse  i>olos  8 
feet  apart  where  there  are  corresponding  bottom  poles,  i.  e,,  from  the  inner  edge  of 
river  mat  40  feet  up  the  slope  and  16  feet  apart  thereafter,  which  are  firmly  tied  to 
the  longitudinal  ones.  It  should  have  been  stated  that  as  soon  as  the  slope  has  been 
dressed  brush  and  poles  snfiicient  for  the  shore  work  should  be  unloaded  near  the 
top  of  bank  in  convenient  piles.  It  requires  1-^  cords  of  brush  to  the  linear  foot  of 
river  mat  200  feet  wide,  and  H  cords  of  poles  to  every  12  cords  of  brush.  The  same 
quantities  hold  good  for  the  work  from  inner  edge  of  mat  to  top  of  slope.  As  fast  as 
river  mat  and  shore  work  is  finished,  traverse  cables,  made  of  eight  strands  of 
No.  10  wire  and  60  feet  long,  with  an  eye  in  each  end,  are  run  acrosH  tlie  entire  width 
of  the  mat  every  16  feet,  and  carried  to  the  top  of  the  bank,  when  they  are  hauled 
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taut  and  law>tened  to  trePH  or  stumps,  or  in  the  absence  of  these,  to  dead  men.  Tlienn 
cables  are  lashed  to  the  mat  witli  wire  every  16  feel.  They  are  made  6()  U\ti  loujjj 
for  eouyeuience  of  haudiing,  and  are,  of  course,  looped  together  to  form  a  coutinu- 
ous  cable.    Two  men  can  fasten  these  cables  as  tapidly  as  required. 

12.  I^ougitudinal  cables  on  river  mat.  These  cables,  which  are  a  continuation  of 
the  mattress-head  cables,  are  furnished  ready  made  of  the  following  diameters :  two  ^, 
two  i,  and  one  f  inch,  each  1,200  feet  long.  They  come  in  coils,  and  must  be  mounted 
on  reels  before  using.  As  soon  as4  00  to  500  feet  of  mat  is  made  they  are  run  off  the 
reels,  beginning  with  a  |-inch  cable  on  the  outside  or  river  ed^e  of  mat.  The  whole 
cable  is  reeleil  oil'  the  reel  but  the  inner  end  kept  on  the  mooring  barge  where  the.se 
reels  are  set  up.  After  being  run  down  toward  and  close  to  the  weaving  barge  the 
Hpare  cable  is  nicely  coiled  down  and  tied  for  future  extension.  Just  above  the  coil 
the  cable  is  secureiy  fxistened  to  the  mat  with  a  wire  lashing  and  a  specially  made 
clami^.  The  party  then  goes  back  to  the  mooring  barge  and  fastens  a  tackle  to  the 
free  end,  hauling  the  cable  as  taut  as  10  men  can  do  it.  The  tackle  must  take  hoM 
far  enough  below  the  mattress  head  to  allow  the  end  of  cable  to  be  fastened  without 
giving  back  any  slack.  The  cable  is  then  fastened  to  the  mat  every  16  feet  with  a 
wire  lashing  and  clamp.  The  second  f-inch  cable  is  next  run  out  and  fa^teneil 
where  the  second  head  cable  takes  hold,  then  follow  the  two^-iuch  and  finally  the  |- 
inch.  As  weaving  progresses  the  c<ables  are  extended  until  the  mat  is  finished,  when 
the  ends  are  securely  fastened  around  the  foot  of  the  mat.  The  first  hauling  taut, 
SLA  has  been  stated,  is  done  from  the  mooring  barge  end  of  cables,  all  subsequent 
hanllng  must  of  course  be  done  from  the  mattress  by  hauling  downstream,  as  now 
the  upper  400  feet  are  rigidly  fastened  and  the  slack  must  be  carried  toward  foot  of 
mat.  When  these  cables  are  all  run  out  they  lie  about  as  follows ;  one  |-inch  cable 
close  to  outer  edge  of  mat,  the  other  |-inch  about  30  feet  distant  from  the  first,  the 
third,  a  ^-inch  one,  37  feet  from  the  second,  the  other  ^-inch  one  38  feet  distant  from  the 
third,  and  the  f-inch  one  42  feet  distant  from  the  fourth,  or  45  feet  outside  the  inucr 
e«lge  of  mat,  Jill  fastened  down  to  mat  every  16  feet  perfectly  taut  throughout  their 
length  and  all  securely  fastened  around  the  head  and  foot  of  mat.  AgaugoflO 
men  under  an  experienced  sailor  may  run  these  cables  and  attend  to  all  head  and 
other  lines. 

13.  When  about  600  feet  of  mat  is  completed,  l)alla8ting  may  begin.  For  this  ))ur- 
pose  a  loaded  stone  barge  is  brought  up  outside  the  mat  and  hung  to  the  mooring 
iiarge  by  a  2-inch  rope.  It  is  held  close  to  mat  by  breast  lines.  Cottonwood  run 
plank  16  inches  wide  and  3  inches  thick  and  24  feat  long  run  from  the  barge  to  mat. 
From  the  foot  of  these  barge  planks  a  continuous  run  of  cotton  wood  plank  10  inches 
by  2  inches  by  18  feet  is  laid  across  the  mat.  According  to  the  strength  of  the  gang 
there  may  be  from  two  to  four  of  these  runs,  from  10  to  15  men  to  a  run.  Thcnc  men 
whecd  out  the  stone  and  dump  their  loads  along  the  transverse  poles,  loading  the 
entire  floating  work  until  only  the  poles  are  above  water,  being  careful  to  load  the 
50  feet  next  the  bank  heavier  than  the  balance.  This  will  be  of  advantage  in  sink- 
ing the  mat.  There  is  one  foreman  and  one  or  two  master  laborei-s  to  this  gang. 
Tlie  men  on  each  run  must  go  out  and  return  together.  Tlie  runs  are  taken  u]».  the 
barge  dropped  its  length  and  runs  relaid  as  necessary.  The  shore  work  will  not  be 
ballasted  until  the  river  mat  is  sunk,  except  in  cases  where  stone  is  pilc<l  on  the 
bank,  in  which  case  the  shore  work  a-s  well  as  part  of  the  river  mat  can  be  ballasted 
£rom  the  bank. 

14.  Sinking  of  the  mat.  Tliis  may  be  called  the  final  as  well  as  the  most  imjiortant 
operation.  As  soon  as  the  mat  is  completed  and  ballasted,  a  loaded  stoiie  barge, 
preferably  one  of  the  smaller  ones,  is  brought  up  to  the  mooring  barge.  A  line  is 
run  from  its  head  to  the  inshore  capstan  of  the  mooring  barge,  an«l  another  from  its 
lower  end  to  the  outer  capstan.  A  good  man  is  stationed  at  each  slip  line,  who  obeys 
only  the  word  of  the  general  foreman  during  this  operation.  Stone  is  thrown  on  the 
head  of  mattress,  and  as  soon  as  the  strain  on  the  slip  lines  increases  by  reason  of  the 
sulded  weight  they»are  carefully  slacked  off  a  little.  The  men  at  the  inshore  capstan 
begin  to  haul  the  head  of  the  stone  barge  gradually  over  the  submerged  mat,  the  lower 
end  is  al.so  gradually  hauled  up,  the  object  being  to  bring  the  stone  barge  squarely 
across  the  mat.  Stone  is  l)eing  continually  thrown  over  as  clirected  and  the  barge 
hauled  over  imtil  this  is  accomplished.  The  line  fi*om  the  downstream  end  of  barge 
must  be  shifted  to  another  capstan  as  the  barge  proceeds  inshore,  being  held  with  a 
line  while  the  change  is  quickly  made.  Another  stone  barge  has,  in  the  mean  tinu'. 
been  brought  up  and  as  so(m  as  the  first  is  in  pcisition  the  second  is  brought  up  t<» 
the  out  stream  end  of  the  first,  hauled  fvroun<l  across  the  mat,  and  both  securely  lasheil 
end  to  end.  In  the  mean  time  a  coil  of  2-iuch  roi)e  has  been  placed  on  the  inner  end 
'^f  the  first  and  the  outer  end  of  the  second  barge  and  the  end  of  each  fa.stencd  to 

is  proper  timber  head.  A  long  1-iuch  line  also  runs  from  the  inner  end  of  the  fii-st 
arge  iishore,  where  a  lot  of  men  will  be  ready  to  haul  the  inshore  end  of  the  barge 
jwnstream,  aa  in  most  cases  the  water  near  the  bank  is  without  current.  The  tow- 
>at  now  makes  fast  with  one  line  to  the  outer  end  of  the  outside  barge.    The  i)osi- 
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tion  now  is  as  follows :  the  two  stone  barges  lie  across  the  submerged  mat  ^tallel 
and  close  to  the  mooring  borgeH  held  there  by  a  2-inch  line  at  each  end  of  the  coupled 
barges.  The  slack,  or  spare  line,  lies  nicely  coiled  up  ready  to  be  paid  out.  A 
Rkilifal  linesman  is  at  each  end.  .The  men  on  shore  have  hold  of  the  l-mch  hauling 
lino,  the  steamboat  hangs  from  and  close  to  the  outer  end  of  the  stone  bargea  and 
lies  with  the  current.  One  man  is  at  each  slip  line  and  a  line  of  men  is  distributed 
along  the  upstream  side  of  stone  barges  anci  another  along  the  downstream  side. 
The  foreman  and  master  laborers  take  positions  where  they  can  oversee  the  men. 
The  general  foreman  is  on  the  mooring  barges  watching  the  slip-line  men ;  after  theR<« 
are  let  go,  he  runs  along  shore  directing  the  operations.  The  general  foreman  now 
gives  the  word  to  throw  the  stone,  and  as  soon  as  he  thinks  the  nead  of  the  mat  has 
enough  he  orders  the  linesmen  on  the  stone  barge  to  slack  away,  flo  then  gives  the 
word  and  all  slip  lines  are  let  go  simultaneously.  The  steamboat's  duty  is  to  keep 
the  barges  away  ftom  the  bank.  The  slip-line  men  as  soon  as  disengaged  assist  the 
men  on  shore  in  hauling  down.  The  linesmen  must  slack  off  so  as  to  keep  the  barges 
always  nearly  square  across  the  mat  until  near  the  end  where  the  steamboat  lets  go, 
and  the  outer  end  of  the  stone  barges  is  allowed  to  swing  around  over  the  mat  and 
to  the  bank.  Everything  must  move  promptly  and  without  hitch  in  the  whole 
operation. 

15.  As  soon  as  the  mat  is  down  the  sailor  gang  takes  up  all  the  lines.  The  mattress 
head  cables  are  taken  up  first  by  hauling  on  the  pin  lines  that  are  loosely  fastened 
on  the  mooring  barge.  These  lines  pull  the  pins  out  of  the  shackle  and  set  the  cables 
free  from  tlie  mat.  The  mooring  barges  are  then  allowed  to  swing  to  bank  and  all 
cables  are  reeled  up  on  their  drums,  being  washed  and  oiled  as  taken  in.  Hie  stone 
luu*ge  can  now  be  brought  to  bank  and  b^ance  of  shore  work  ballasted  if  not  already 
done.    About  2  ciilnc  yards  of  stone  will  be  required  for  every  linear  foot  of  work. 

16.  In  the  foregoing  description  of  mattress  and  shore  work  it  has  been  supposetl 
that  the  bank  <'an  be  graded  before  any  other  work  is  undertaken.  This  is  generally 
the  case,  but  it  will  happen  that  a  bank  to  be  operated  upon  is  caving  so  rapidly  as 
to  make  it  necessary  to  lay  the  foot  mat  first,  it  is  obvious  that  in  such  a  case  the 
shore  work  has  to  be  deferred.  The  abutment  and  abutment  piles  are  driven  and 
the  mattress  constructed  as  described,  except  that  the  hard-wood  poles  along  inner 
edge  are  omitted  and  only  the  regular  top  grillage  laid.  After  the  mattress  is  sunk 
the  bank  is  graded  and  the  shore  work  laid  down  to  the  water's  edge.  A  connecting 
mat  is  tlien  made  to  connect  the  shore  work  with  the  submerged  river  mat  as  fol- 
lows : 

17.  The  weaving  barge  is  brought  up  alongside  and  parallel  to  bank,  with  its  up- 
stream end  over  the  head  of  mat,  and  a  mattress  built  like  the  river  mat,  except  that 
it  has  a  lighter  head,  and,  of  course,  no  mooring  barges  are  used.  Instead  of  the 
heavy  wire  cables  some  of  the  wire  strand  is  run  from  the  head  up  to  top  of  bank 
and  fastened  thereon.  Five  f-inch  cables  will  be  sufficient  for  every  200  feet  of  mat. 
Two  or  three  cables  are  also  run  from  the  upstream  edge  of  mat  to  shore  to  prevent 
the  current  from  taking  it  downstream.  The  head  of  mat,  when  launched  off,  must 
lap  well  (4  or  5  feet)  over  the  shore  work.  When  a  shift  is  to  be  launched  off  the 
mat  barge  roust  be  sparred  away  from  the  bank.  Enough  mat  is  thus  made  until 
when  sunk  it  will  lap  over  the  river  mat  4  or  5  feet.  From  40  to  70  feet  will  be  the 
the  usual  length,  'rne  mat  barge  is  then  dropped  down  its  own  length  and  another 
connecting  mat  made,  being  careful  to  have  a  close  joint  between  the  two  connect- 
ing mats.  This  operation  is  repeated  until  the  foot  of  mat  is  reached.  These  mats 
are  sunk  as  fast  as  made. 


Appendix  D  3. 

PAPER  BY  MB.  AUG.  J.  NOL'fY,  ASSISTANT  EXOINEER,  ON  DETAILS  OP  CONSTRUCTIOX 
OF  PILE  DIKES,    AS  PRACTICED  AT  PLUM  POINT  REXcH,  1890. 

1.  The  line  of  anchor  piles,  upstream  edge  of  dike  foot  mat,  and  front  row  of  pro- 
posed dike  will  be  designated  on  the  banks  by  plain  white  signals  visible  from  the 
opposite  bank.  When  one  bank  is  too  far  distant,  as,  for  instance,  when  work  is  done 
in  the  main  river,  piles  must  be  driven  a  little  beyond  the  extreme  outer  end  of  dike 
to  correspond  with  the  signals  on  the  bank.  These  piles  will  carry  white  signals. 
The  general  foreman  will  see  that  the  alignment  as  indicated  by  these  signals  is  pre- 
served ;  more  especially  should  the  upper  e<lge  of  foot  mat  and  front  row  of  dike  be 
carefully  kept  on  line.  In  constructing  the  dike  the  successive  rows  are  laid  off 
from  the  preceding  one  with  a  graduated  stick  or  tape  line. 

2.  The  anchor  bents  are  driven  on  the  proper  line.  In  shallow  water  (less  than  10 
feet)  one  pile  may  take  the  place  of  a  bent ;  m  leas  than  20  feet  two  piles  are  driyen, 
the  first  one  on  the  line^  the  other  20  feet  above^  and  the  two  braced  together.   When 
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there  is  more  than  20  feet  of  water  a  cluBter  of  two  pUes  is  driven  ou  the  line  and 
one  pile  25  feet  above.  These  are  braced  together.  The  distance  between  the  piles 
and  Dontfl  is  50  feet.  To  each  sinsle  pile  belore  it  is  driven  are  fastened  two  cables 
made  of  8  strands  No.  10  wire  60  leet  long,  with  a  loop  at  each  end.  These,  as  well  as 
all  other  cablee  fhstemedto  piles,  mnst  be  fastened  about  20  feet  fh>m  the  bottom  end 
of  the  pile.  To  each  downstreampile  of  the  bents  two  similar  cables  are  fastened 
and  to  each  npstream  pile  one.  The  cable  from  the  upstream  pile  is  carried  to  the 
intersection  of  brace  and  downstream  piles,  hauled  taut,  and  securely  fastened. 
One  cable  £rom  downstream  pair  of  piles  is  carried  to  the  upstream  pile  and  fas- 
tened at  the  intersection  of  brace  and  pile.  All  other  cables  are  temporarily  fastened 
with  one  spike  at  tiie  head  of  their  respective  piles.  These  cables  will  be  used  as 
anchor  cables  of  the  mat.  The  anchor  piles  and  bents  should  be  driven  to  at  least 
12  feet  above  the  prevailing  stage  of  water.  The  upstream  pile  may  be  5  feet  lower 
and  the  braces  should  be  inclined  upstream.  The  line  of  anchor  piles  should  be  15() 
feet  above  the  front  row  of  dike,  and  the  line  of  upper  edge  of  foot  mat  75  feet 
above  the  firont. .  Penetration  of  piles,  20  feet. 

3.  As  soon  as  a  sufficient  number  of  anchor  piles  are  driven  <'onHtruction  of  foot  mat 
is  begun.  These  mats,  which  are  200  by  200  feet,  are  constructed  similarly  to  the  river 
mat,  except  that  no  hard-wood  poles  are  used  and  no  wire  head  cables  are  run  out. 
The  moonng  barges  are  held  with  short  2-inch  manill^  lines  to  the  anchor  piles  and 
the  cables  on  the  piles  will  be  the  head  cables  for  the  mat.  At  the  proper  time  these 
cables  are  brought  up  under  the  mooring  barges  aud  fastened  to  head  of  mat,  being, 
however,  careful  to  nave  the  head  of  mat  far  enough  above  its  line  so  that  when  the 
mat  is  sunk  its  head  will  be  on  the  proper  line.  This  allowance  will  of  course  vaiy 
with  the  depth  of  water.  When  the  mat  is  completed  it  is  sunk  and  the  plant  shifteiL 
in  position  for  the  next  one.  Care  must  be  taken  that  each  mat  overlaps  the  preced- 
ing one  about  5  feet.  When  this  work  is  completed  there  will  be  a  line  of  mat  on 
the  line  of  proposed  dike  200  feet  wide  and  as  long  as  the  dike  or  width  of  chute, 
with  its  upper  edge  75  feet  above  front  row  of  dike. 

4.  While  these  mats  are  being  constructed  the  banks  are  being  graded  to  the  usual 
slope  of  4  to  1  for  a  distance  of  500  feet,  beginning  150  feet  above  the  front  row.  If 
plant  is  available,  the  construction  of  river  and  shore  mat  can  proceed  as  soon  as 
grading  is  completed  and  while  the  foot  mats  are  being  miMle.  If  not,  the  bank  pro- 
tection had  better  be  put  in  before  the  dike  foot  mat.  This  500  feet  of  bank  protec- 
tion is  constructed  precisely  as  described  unde.r  '^  Bank  protection/'  except  th%t  at  a 
low  stage  of  river  the  abutment  and  abutment  piles  may  be  omitted.  It  may  oi't-en 
happen  that  the  shore  line  is  such  that  prox)er  lead  for  the  head  cables  eau  not  be 
obtained.  In  such  a  case  anchor  piles  in  sets  of  two  or  three,  lu^cordin^  to  depth  of 
water,  must  be  driven  several  hundred  feet  above  the  bead  of  mat  to  which  to  fasten 
the  cables.  The  object  of  this  bank  protection  is  to  prevent  any  cutting  around  the 
ends  of  dike.  In  closing  a  chute  it  will  usually  be  found  necessary  to  build  only  one 
regular  shore  protection,  that  is.  along  the  caving  bank.  The  other  bauk  is  usually 
a  long  flat  mna  or  sand  bar,  and  here  all  that  is  necessary  is  to  run  the  regular  dike 
foot  mat  up  to  the  top  of  bank. 

5.  The  following  list  gives  the  outfit  for  one  pile  driver : 


Anchors number..  3 

Axes : do...  -  2 

Bedding sets..  6 

Blocks  and  tackle,  1^  inches . .  do . . .  1 

Blocks,  snatch,  10  inches .  number . .  2 

Buckets,  galvanized do. . .  2 

Boiler  scraper do...  1 

Brooms do...  2 

Canthodks^ do...  2 

Capstan  bars «.do...  2 

Baily  report  banks,  block — do . . .  1 
Piles: 

14-inch  bastard do...  1 

12-inch  round do...  1 

Flue  scraper do...  1 

Chuige glass,  t  inch do...  1 

Hammer,  machine do...  1 

Hatchets do...  1 

Hammer  line,  steel,  f  inch  ..feet..  150 
Hose: 

2f.inch do...  100 

1-inch  ..••■• ............  do ...  25 

Jetpii>es .....number..  2 


Lanterns : 

Red number. 

White do.. 

Lamps,  bracket do. . 

Lead  and  line,  75  feet do. . 

Monkey  wrenches : 

15-inch do. . 

lO-inch do.. 

Marline coil. 

Mop number. 

Oiler do. . 

Oil  cans,  5  gallon do. . 

One  man  saw do.. 

Oars do. . 

Oakum pounds . , 

Pinch  bars,  steel do. . 

Pike  poles number. 

Pile-head  follower do . . 

Packing : 

Sheet feet. 

Piston do.. 

Hemp do.. 

Cotton  stem ball. 


2 
2 
1 

1 
1 
1 
1 
1 
3 
1 
6 
10 
2 
2 
1 

2 
10 
10 
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Pile  ohaiiiB number . 

Pump : 

Lev«r do.., 

Valves do. . , 

Siiriii jfH do. . , 

WaU'li  tacklA Ri't . 

Rod  lead pound . 

Rope : 

1^-inch  (one  piere) fiM't . 

li-inoh,  jet  line do. . 

l\  ineh  pile  line do.. 

1-iuch  (cuie  piece) do. . , 

|-iuch  (one  piece) do. . 

Spike  inanls number. 

8novel,  coal do. . . 

Skifl* do.., 


1 
<} 
i\ 
1 
1 

-my 

15<) 

20() 

KH) 

2 

1 
1 


Seizing  twine ball. 

S]ianners numl>er . 

Slice  bar do.. 

Tallow  cup do. . 

Time  book d«» . . 

Tojf^les,  aaflorted do . . 

Vice  bench do . . 

Water  barrel do.. 

Wrenches,  aHAorted do . . 

Whit4)  lead pound. 

Cold  chiRels number. 

Emery  i>aper 8heet« . 

Oil: 

Lubricating gallons. 

Signal do. . 

Kerosene do. . 


Monihly  supplies  far  one  fleet. 


Waste pounds.. 

Soap do. . . 

Tallow do... 

Lye do. .. 


(5 
3 
2 


Stillson  wrench number. 

Load  clamp,  18-incK  do. . 

Rivets,  angle  iron do. . 

Bolts,  angle  iron do. . 


1 
2 
1 
1 
1 
10 
1 
1 
3 
1 
2 
3 

li 
U 

3 


1 
1 
6 
6 


6.  As  soon  as  200  feet  or  more  of  dike  foot  mat  has  been  completed  pile  driving  on 
the  dike  proper  may  begin,  ITie  piles  should  be  of  cypress,  cut  not  more  than  1  year 
prior  to  delivery,  should  be  reasonably  straight,  not  less  than  9  inches  on  top  nor 
more  than  20  inches  at  butt,  and  of  such  length  as  to  allow  a  penetration  of  20  feet 
into  the  bottom,  with  the  t>ops  of  piles  on  an  imaginary  line  33  feet  above  the  zero  of 
1879.  The  butt  end  of  each  pile  is  dressed  to  a  chisel  point  to  allow  of  easy  pene- 
tration of  mat.  This  is  done  when  the  pile  is  hanging  in  the  leads.  The  jet  pipe 
is  fastened  on  one  of  the  sides  between  the  two  dressed  faces,  so  that  the  nozzle  iB  a 
fe\^  inches  above  the  bottom  of  pile.  For  this  purpose  there  is  attached  to  each  jet 
pipe,  .5  feet  above  its  lower  end,  a  toggle  with  a  short  piec«  (6  inches)  of  chain. 
This  chain  is  spiked  onto  the  pile  with  three  8  by  ^  inch  spikes  and  holds  the 
]>ipe  to  its  work.  At  the  top,  just  below  the  hose  coupling,  the  pipe  is  lashed  to  the 
pile  with  strands  of  old  rope.  A  ^  inch  line  is  fastened  to  the  jet  pipe  below  the 
coupling.  This  line  passes  to  the  winch  head  and  is  used  for  pulling  up  the  pipe. 
The  pipe  is  now  lowered  down,  care  being  taken  to  have  the  pile  on  tbe  line  before 
it  touches  bottom.  When  it  touches  bottom,  or  before  it  is  in  deep  water,  a  cable  is 
looped  around  the  pile  and  fastened  with  one  8-inch  spike.  (Tneso  cables  in  tUl 
cases' should  be  20  feet  above  bottom  of  pile.)  The  jule  is  now  fixed  in  the  middle 
of  the  leads  and  held  there  by  means  of  removable  toggles  and  a  follower  just  below 
the  head  of  pile.  The  pump  is  now  started  and  the  hammer  lowered  down  on  the 
pile.  A  few  light  blows  will  be  necessary  t-o  drive  the  pile  through  the  mat,  afber 
which,  in  sanay  or  soft  bottom,  the  jet  assisted  by  the  weight  of  the  hammer  will 
usually  drive  the  pile  home.  In  clayey  bottom,  however,  the  jet  does  little  good 
and  hard  driving  is  necessary.  Quick,  light  blows  will  be  more  effective  than  heavv 
ones  and  less  severe  on  the  leads.  Should  the  head  of  tlie  pile  become  "broomed,^' 
a>  piece  must  be  sawed  off  so  as  to  get  solid  wood  for  the  hammer  to  strike.  Should 
the  jet,  as  will  sometimes  happen,  become  detached  before  the  pile  ha«  penetrated 
more  than  16  inches,  the  pile  must  be  pulled  up  and  a  new  trial  made.  If  impossible 
to  pull  it  np,  another  pile  must  be  driven  in  lieu  of  it.  When  the  depth  of  water, 
counting  from  ordinary  high  water,  is  less  than  20  feet,  one  pile  in  the  front  row 
and  one  in  the  second  and  third  row  will  be  sufficient.  For  more  than  20  feet  and 
less  than  40  feet,  two  piles  in  the  front  and  one  each  in  the  second,  third^  and  fourth 
are  driven.  For  more  than  40  feet,  three  piles  in  the  front  row  and  one  each  in  the 
second,  third,  fourth,  and  fifth  rows  are  driven.  Each  pile,  except  those  on  the  rear 
row,  must  have  a  cable  attached  to  it,  and  after  the  piles  are  driven  these  cables 
are  temporarily  fastened  to  top  of  pile  with  one  spike.  The  front  row  piles,  as  be- 
fore stated,  come  up  t-o  the  33-feet  plane,  the  second  row  will  be  2.5  feet  lower  than 
tlie  first,  the  third  2.5  feet  lower  than  the  second,  and  so  on.  The  distance  between 
rows  is  25  feet,  and  that  between  bentfi  is  7.5  feet.  As  soon  as  a  driver  has  driven  » 
sufficient  length  of  front  row  a  rider  will  be  put  up.  These  should  not  be  less  thai] 
5r>  feet  long  and  are  fastened  2  feet  below  tops  of  piles.  Cables  made  of  8  strande 
No.  12  wire,  20  feet  long,  with  a  loop  in  each  end,  are  used. 

Tlie  rider  is  lashed  at  each  pile,  or  cluster  of  piles,  and  as  many  turns  around  ridei 
and  pile  are  taken  as  the  length  of  cable  will  permit.  Each  turn  is  hauled  tant'b^ 
the  steam  winch  and  fastened  with  an  8-inch  spike,  and  the  looped  end  is  securely 
fastened  with  two.    These  spikes  are  driven  into  the  pile  so  as  to  leave  1.5  inch  out- 
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Bide,  and  then  clinched  over  the  cab]e  and  bedded  into  the  wood.  The  laps  or  splices 
of  riders  lihould  be  15  feet  long,  the  top  or  thin  end  of  one  lapping  the  butt  end  of 
the  other.  In  order  to  preserve  as  near  as  possible  a  horizontal  line  with  the  riders 
the  bott  end  is  ^ways  lowered  about  1.5  feet,  so  that  the  splioes  all  come  nearly  on 
a  straight  line  thronghont  the  row.  As  soon  as  a  niece  of  front  row  is  thns  com- 
pleted driyers  may  l>egin  on  the  second  one,  and  as  fast  as  a  few  hnndred  feet  of  this 
second  row  is  completed  the  first  and  second  rows  should  be  liraoed  together.  The 
bracks  are  short  piles  30  to  35  feet  long.  They  rest  on  top  of  the  riders,  bntt  ends 
npstream,  projecting  not  more  than  1  foot  beyond  the  front  piles,  and  are  lashed  to 
ri«ler  and  piles  with  a  cable  made  of  eight  strands  of  No.  12  wire  20  feet  long,  having 
II  loop  in  each  end.  The  braces  should  always  lie  parallel  with  the  current,  which 
iisnalLy  brings  them  perpendicular  to  the  line  of  dike. 

It  is  very  essential  that  the  first  and  second  rows  should  be  braced  as  soon  ffs  pos- 
sible, for  should  much  drift  lodge  in  front  of  the  unsupported  row  it  is  almost  certain 
to  be  forced  out  of  alignment,  if  not  entirely  overtumli.  llie  third,  fourth,  and 
fifth  rows  are  driven  and  braced  as  those  in  front  advance.  Usually  work  is  begun 
at  both  ends  of  the  dike,  the  drivers  working  toward  each  other.  As  the  dike  ad- 
vances, and  opening  between  the  two  ends  is  reduced,  the  current  increases,  and  this 
nciskes  the  work  very  difficult  in  deep  water;  hence,  if  we  are  reasonably  certain 
that  ^e  work  can  be  completed  before  the  water  gets  too  low  on  the  shoal  pbu'Cfi, 
the  point  of  final  closure  may  with  advantage  be  located  in  shonl  water.  But  there 
is  always  the  risk  of  being  driven  away  from  here  by  the  declining  river  before  the 
work  is  finished.  It  even  becomes  necessary  sometimes  to  do  the  shallow  water  work  • 
first  of  all.  As  soon  as  location  of  final  closure  has  been  determined,  and  if  it  lies 
in  deep  water,  there  should  be  constructed  a  supplemental  foot  mat  ^00  by  200  feet, 
which  should  be  sunk  at  this  place  just  below  tne  main  dike  foot  mat.  Experience 
in  Chute  No.  30  has  shown  the  necessity  of  this.  Here  the  gap  was  of  necessity  left 
in  deep  water,  and  before  this  could  be  closed  we  hi^  a  hole  just  below  the  foot  mat* 
whose  maximum  depth  was  49  feet  below  zero.  On  this  line  of  front  row  the 
soundings  at  the  time  gave  35  feet,  while  on  the  fourth  row  we  had  20  feet  more. 
The  current  rushing  over  the  mat  cut  out  the  soft  bottom  just  below  it,  and  as  the 
hole  deepened  the  soft  material  began  to  flow  out  frofti  under  the  mat  allowing  it  to 
sink,  and  badly  breaking  it  up. 

7.  Where  the  dike  crosses  the  deep  water  the  distance  between  the  bottom  of  river 
and  the  bracing  on  top  of  dike  is  sometimes  as  great  as  50  feet.  When  drift  is  run- 
ning the  force  of  the  current  carries  much  of  it  under  the  top  stratum  lying  against 
the  dike,  forming  an  almost  impervious  wall  of  drift,  shown  during  the  present  low 
water  to  be  as  much  as  12  feet  deep.  The  pressnre  against  the  dike  is  therefore  very 
hea%\v,  and  this  pressnre  the  front  row  has  at  certain  stages  to  bear,  without  being 
able  to  derive  any  support  from  the  dike  in  the  rear.  This  pressure  has  become  great 
enough  to  break  off  tne  front  piles  at  about  the  15-foot  or  mid-stage  line.  It  has 
therefore  been  decided  to  run  a  set  of  secondary  braced  from  every  alternate  bent 
through  the  dike.  These  braces  are  on  the  15-foot  line,  and  shonld  preferably  be  of 
long  piles.  No  riders  are  needed.  Pressure  against  the  front  row  will  thus  be  trans- 
mi  ttiAl  throughout  the  dike.  ^ 

H.  When  all  the  pile  work  has  been  completed  the  foot  cables  are  ad^justed.  These 
cables  are  all  carried  to  the  rear  row,  hauled  taut  with  the  winch,  and  fastened 
around  rider  and  pile.  When  the  cables  are  not  long  enough,  another  one  is  spliced 
onto  the  one  leading  from  the  pile.  At  least  three  turns  Hhonld  be  taken  around  the 
pile  and  rider,  and  each  turn  fastened  with  a  spike,  and  the  looped  end  with  two. 

9.  The  final  operation  is  the  trimming  off  of  each  row  to  its  proper  plane.  This 
can  also  be  done  at  any  time  before  the  cables  are  adjusted  in  order  to  utilize  any 
spare  labor. 

GENERAL  RE&IAKKH. 

The  piles  are  usually  received  in  rafts,  each  block  of  which  consiHts  of  piles  of  equal 

length.    A  launch  or  steamboat  serves  the  pile  drivers  with  piles  of  required  length. 

The  general  foreman  keeps  a  record  of  the  number  of  feet  of  piling  usecl  and  of  those 

rejected.    These  latter  are  held  subject  to  the  order  of  the  contractor.    To  eaeli  fleet  * 

of  pile  drivers  there  is  attached  one  fleet  engineer  whose  duty  it  is  to  supervise  the  pile 

driver  engineers  and  to  see  that  the  machinery  is  always  in  working  order,    lie  will 

see  that  i3l  boilers  are  thoroughly  cleaned  out  every  Sunday  morning.    The  general 

foreman  will  detail  two  laborers  for  each  pile  driver  to  help  the  engineer  to  clean  out 

and  refill  his  boiler.    Two  and  a  fourth  hours  are  allowed  for  this,  for  which  the 

laborers  receive  double  time.    The  pile-driver  foreman  handles  the  engine  in  driving. 

In  hauling  cables  he  may  l^t  one  of  liis  men  handle  the  engine.    The  engineer  attends 

to  ttie  pump  and  boiler.    The  general  foreman  and  the  fleet  engineer  are  each  allowed 

k  akifl'  and  one  skiffmau.    The  code  of  signals  is  as  follows :  Want  piles,  blow  two 

hort  blasts;  want  general  foreman,  three  blasts;  want  fleet  engineer,  four  blasts  of 

he  whistie.    The  crew  of  pile  driver  consists  of  one  foreman,  at  $60  per  month,  one 
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steam  engineer,  at  $50  per  montli,  an  A  fonr  laborers,  at  $1  per  day  of  i-i^lit  bours.  It 
ha«  been  found  to  be  good  policy  to  increase  tbe  ])av  of  tbose  foreman  doing  the  most 
work  to  $65  per  montn,  reserving,  of  course,  the  right  to  stop  this  increase  wheneyer 
their  work  falls  below  what  it  shonld  be. 

The  general  foreman  shonld  carefully  watch  the  pile  driving  and  see  that  piles  are 
giyen  we  proper  penetration.  Also  that  riders  and  braces  are  well  lashed,  and  that 
all  work  is  kept  on  the  proper  lines.  Each  pile-driver  foreman  makes  daily  reports, 
on  blanks  furnished  to  the  general  foreman :  the  latter  condenses  these  and  makes 
daily  reports  on  blanks  furnished  to  the  assistant  engineer  in  charge.  A  false  entry 
on  the  pile-driver  report  is  suflleieut  ground  for  summary  discharge.  The  completed 
dike  should  be  laid  on  in  stations  of  200  feet  each,  and  periodical  soundings  taken  along 
the  rear  row  to  obtain  some  idea  of  what  the  dike  is  accomplishing.  As  the  rate  of 
progress  of  the  wofk  varies  with  the  depth  of  water,  rapidity  of  current,  and  nature 
of  bottom,  no  fixe<l  standard  of  the  number  of  piles  to  m  driven  by  each  driver  per 
day  can  be  established.  In  water  less  than  20  leet  deep,  having  a  sandy  or  soft  Mt- 
tom,  from  ten  to  twelve^iles  per  day  is  a  fair  day's  work.  In  deep  water,  strong 
current  and  hard  bottom,  this  may  fall  as  low  as  thiee  piles.  Hoisting  up  and  fasten- 
ing 10  braces  or  3  riders,  or  adjusting  40  foot  cables  may  be  considered  a  di^'s  work. 

When  the  piles  are  famished  loaded  on  barges  a  pile-dropping  gang  of  four  men, 
in  charge  of  a  master  laborer,  will  drop  the  piles  off  the  barge  and  take  them  to  the 
drivers.  The  cable-makinff  party  consists  of  two  men,  who  have  the  proper  machinery 
for  making  the  cables.    Iwo  men  can  make  all  the  cables  for  four  pile  drivers. 

When  a  pile  is  longer  than  reqhired  the  top  should  be  cut  off^  and  never  the  butt 
end  except  it  be  too  thick  to  go  between  the  leads.  Anchor  piles  should  be  pn]le<l 
up  or  cut  off  at  a  low  stage  of  water,  otherwise  they  will  hold  back  a  large  amount 
of  drift,  whose  sudden  release  by  the  breaking  of  these  piles  might  damage  the  dike 
by  impact. 
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Appendix  D  4. 

RRRS,  AR8IRTANT  RNGINRRR,  ON  PROPOBRD  8T8TKM  OF  LRVERS 
ALONG  ST.  FRANCIS  FRONT. 


Unitbd  Statrs  Enginrer  Office, 

MempMSf  Tenn.,  June  1, 1891. 

Captain:  I  have  the  honor  to  report  upon  a  proposed  system  of  levees  along  St. 
Francis  Front,  Missouri  and  Arkansas. 

A  survey  for  this  from  Point  Pleasant,  Mo.,  to  Council  Bend,  Ark.,  a  distance  of 
200  miles,  was  made  by  Mr.  S.  E.  Moore,  assistant  engineer,  from  October,  1888,  to  April, 
1889.  A  profile  of  this  survey  has  been  made  and  quantities  calculate^  the  results  of 
whi<'h  are  incorporated  in  this  report. 

Point  Pleasant  was  oonsidered  a  good  terminus  on  the  north,  for  the  reason  that 
from  this  place  northward  to  New  Madrid,  Mo.,  and  a  number  of  miles  above  there 
extends  a  ridge  of  high  ground,  forming  a  barrier  to  overflow.  Above  this  ridjge 
there  is  sony  low  ground,  over  which  the  water  can  escape  into  the  St.  Francis  Basin. 
In  1882  the  estimated  maximum  escape  was  88,000  cubic  feet  per  second,  and  in  ISS^ 
45,000  cubic  feet  per  second.  This  is  supposed  to  go  to  the  St.  Francis  through  Lit- 
tle Kiver  and  give  no  further  trouble  until  it  comes  back  again  into  the  Missisaippi 
at  Helena. 

Below  Point  Pleasant  the  escape  is  many  times  greater,  reaching  over  half  a  mil- 
lion cubic  feet  per  second  a  few  miles  below  Memphis,  Tenn. 

The  following  table  shows  the  estimated  maximum  escape  along  the  line  of  the 
proposed  levee,  the  divisions  being  laid  out  to  show  the  nature  of  overflow : 

Table  of  water  escape,  Si.  Fronde  Front, 


Levee 
sectioiiR. 

Miles  be- 
low Cairo. 

Flood  of  1882. 

Divl- 
flion. 

Outflow 

(cnbio 
feet  per 
second). 

Inflow 

(cubic 

feet  per 

second). 

Notes- 
oape. 

.  Semarks. 

1 
2 

8 

0-^ 
90-146 

146-201 

80-158 
170-216 

216-268 

378,602 
20,862 

167,810 

27.400 
15,806 

184,771 

851,102 
4,K7 

-17,461 

From  Point  Pleasant  to  the  Plum  Point  s\-s 
tem  of  levees  of  which  23  roiles  are  bnflt 

From  Oaichead  Pointy  the  lower  end  oi 
Plum  Point  levees,  to  the  high  ground  at 
Bradley  Landing;  this  hish  ground  con 
nects  with   the    Marion-Crawford  svill 
ridge. 

From  Bradley  to  the  end  of  the  survey  a 
Council  Chute.  TheinflowinoludesPrench 
mans  Bayou  below  the  end  of  the  buttv 
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The  quantities  Ib  the  abore  table  are  firom  the  report  of  Chief  of  Engineers,  U. 
S.  Army,  Part  IV,  1885,  page  2601,  where  the  **  water  escapes"  are  given  in  nunier* 
oos  snbclivisions  and  at  numeroas  localities. 

DL«*CUS8ION  OF  THE  OVERFLOW,  BY  DIVT8IONB. 

Division  1  furnishes  fiiUy  two-thirds  of  the  water  escaping  into  the  St.  Fraiicis 
Basin  above  tlie  latitnde  of  Memphis,  and  most  of  this  is  between  Gayoso,  Mo.  (105 
miles  below^  Cairo,  111.,)  and  Island  25  (145),  only  72,000  cubic  feet  per  second  being 
the  outflow  above  Gayoso.  This  overflow  Alls  up  numerous  lakes  and  low  places  on 
its  way  to  the  St.  Francis,  the  main  drainage  to  which  is  through  Pemiscot  fiayou. 

Dnrinii;  a  flood  there  is  considerable  inflow  through  Mill  Bayou,  at  the  head  of  the 
Phun  Point  IjmYe^  system,  and  this  inflow  ia  said  to  increase  as  the  water  in  the 
river  falls.  The  evidence  here  being  that  the  escape  of  water  above  is  |^^ter  than 
ean  readily  pass  into  the  St.  Francis,  a  considerable  portio^eing  therefore  returned 
to  the  Mississippi,  hence  the  construction  of  a  levee  across  the  lower  end  without 
lirst  cutting  on  the  overflow  above,  would  be  disastrous  to  the  lands  in  the  former 
locality,  which  includes  much  cultivated  lands  in  the  vicinity  of  Osceola,  Ark. 

Ymt.  By  impounding  the  water,  probably  causing  it  to  raise  higher  back  of  the 
levee  than*  in  front.  «, 

Second.  By  holding  the  water  on  the  lands  for  a  long  time  after  the  river  begins 
falling,  as  the  drainage  would  be  slowly  toward  the  St.  Francis  instead  of  quickly 
t-o  Ihe  Mi.«)sissippi. 

To  confine  the  maximum  amount  of  water  in  this  division,  with  the  minimum  of 
cost,  the  levee  should  first  be  constructed  between  Gayoso,  Mo.  (105),  and  Barfleld, 
Ark.  (142).  Next  build  from  Gayoso  to  Point  Pleasant  (79) ;  and  lastly  close  across 
the  low  ground  and  back  of  Long  Lake,  at  the  lower  end. 

Division  2.  the  river  banks  in  this  division  are  quite  hi|^h  and  there  are  no  outlets 
of  any  size.  The  escape  therefore  is  principally  across  pomts,  again  returning  to  the 
rivet  a  short  distance  below.  There  will  be  no  risk  in  closing  the  entire  front  irre- 
spertive  of  any  work  above.  No  doubt  the  proper  procedure  would  be  to  continue 
the  levee  firom  Craighead  Point  (170)  south. 

Wampanocka  Ba^'-ou,  at  Bradley  (215),  might  be  left  open  until  the  levee  is  ex- 
tended to  Monnd  City  (225),  for  it  no  doubt  materially  faciUtates  the  drainage  of  the 
eountry  when  the  river  gets  within  its  banks. 

Division  ^.  The  escape  is  chiefly  at  the  upper  end,  exceeding  100,000  cubic  feet 
between  Bradley  (215)  and  Redman  Point  (220).  Most  of  this  passes  through  Ten- 
mile  and  Fifteen-mile  bayous,  scarcely  reaching  the  8t.  Francis  proper  during  a 
large  flood,  bnt  returns  to  the  Mississippi  at  Council  Bend  (270),  through  Hoi  tree 
and  Frenchman  bayous. 

A  levee  along  this  front  will  restrain  about  100,000  cubic  feet  per  second,  and  the 
proper  locality  to  begin  work  is  at  the  upper  end,  Bradley  to  Mound  City  and 
thence  southward. 

The  following  estimate  is  from  the  survey  made  by  Mr.  Moore,  the  data  used  be- 
ing, grade,  2  feet  above  high  water,  except  at  foot  of  bends,  where  it  is  raised  from 
6  to  12  inches  ;  crowns,  6,  8,  and  10  feet,  depending  upon  height  of  levee  ;  slopes, 
on  each  side,  3  to  1  ;  muck  ditch,  3  by  3  feet,  and  width  of  clearing,  200  feet. 

To  the  embankment  10  per  cent,  has  been  added  for  extra  work,  road  crossings, 
etc.  The  cost  has  been  estimated  at  20  cents  per  cubic  yard  for  earthwork  and  $40 
per  acre  for  clearing. 

8U  Francis  F^ont  Levees, — Preliminary  estimate  of  quantities  and  cost. 


Diriaion. 


Levee 
sections, 


1 
2 


Totid. 


Cubic  yd». 
1-67    ;    3,  :<{.').  521 
90-146!     I,.'i0'.i.20fi 
146-201  I    2,222,520 


7,061,253 


Acret. 

8:t8.4 
av2. 3 
667.2 


$700.  640. 20 
326,  7:ri.20 
471.1U3.20  I 


2, 157. 9         1, 498, 566. 60 


Cost  per 
mile. 


$10,457.00 
5, 835. 00 
8, 567. 0<» 

8, 312. 00 


Tn  confining  such  a  large  escape  to  the  channel  it  is  probable  that  the  flood  line 
U  be  raised,  at  least  for  such  time  as  will  be  required  for  the  river  to  adjust  itself 
the  new  conditions;  hence  in  some  localities,  such  as  lower  ends  of  beuds.  it  will 
wise  to  raise  the  grade  line.  Therefore,  it  is  suKgexted  to  add  to  the  above  esti- 
'tes  of  cost  20  pner  cent.  This  will  make  the  total  cost  $1,798,279  92,  and  the 
rage  cost  per  mile,  $9,974. 
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nFPORrPTlON   OF   THF   SI'RVKYFP  TJNF. 

The  line  in  ^eiu'ral  folio wh  th()  lii^h  ground  near  tlio  river,  receding  therefrom  i^3 
what  in  conHidered  a  safe  diatance,  in  caving  bendH,  and  leaving  the  river  at  8iic*ii 
))laceH  where  bailly  raving  banks  closely  approa<ih  lakes  and  low  gronnd,  and  where 
»  levcM)  i-onhl  not  be  moved  back  should  danger  arise,  except  by  making  a  long  de- 
toiur.  Wherever  favorable  ground  has  existed  across  point's/ the  levee  has  l»eeii 
located  there.  ■  This  being  but  a  preliminary  survey,  it  is  expect-ed  that  a  more 
thorough  study  of  the  ground  will  develop  a  better  and  cheaper  line. 

In  many  places  the  location  was  on  old  State  and  private  levees;  these,  however, 
are  sumll,  and  will  require  enlargement  to  two  or  more  times  their  present  sixe  to 
bring  them  up  to  pniposed  sections.  Twenty-three  miles  of  good  levee  exists  abmg 
the  wivit  bank  of  Plum  Point  Reach  ^section  67  to  90). 

'I'he  gseatcAt  depth  of  overflow  is  between  Barfleld  (li5)  and  the  head  of  Lcmg 
Luke,  and  this  only  re«rhea  10  feet  for  two  or  three  stations.  The  average  depth 
along  the  entire  line  will  not  exceed  5  feet.  From  Pecan  Point  (196)  south  for  a  dis- 
tance of  nearly  4  miles  the  land  is  above  overtlow.  The  nuvterial  along  along  the 
entire  line  is  reported  to  be  favorable  for  good  levee  work. 

KeHpect fully  submitted. 

•  W.  M.  Rkks, 

Aaaistant  Engineer, 

Capt.  S.  \V.  HoKSMLBii, 

t'orpn  of  EntfineerSj  U,  S.  A 
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IlKrOIlT  OK   Mn.  W.  M.  REF.R,  ABSISTAXT  KNCUNF.ER,  OX  LF.VKK   fiTTRVF.Y.  WHITF   RIVKU 

FRONT. 

United  States  Engineer  Office, 

Memphis,  I'enn,,  Jnne  l.»,  1891. 

Captain  :  In  compliance  with  the  instructions  contained  in  your  letter  of  Decem- 
ber 20,  1890,  to  take  charge  of  the  location  and  construction  of  a  levee  on  the  **  White 
Kiver  Front,"  and  subsequent  verbal  orders  to  extend  the  survey  to  connect  with  the 
"Laconia  system"  of  levees,  I  have  the  honor  to  submit  the  following  report  upon 
a  preliminary  survey: 

During  the  latter  part  of  December  I  organized  a  survey  party  for  the  purpose, 
which,  including  cook  and  watchman,  consisted  of  10  men.  Tliis  force  left  Memphis 
December  30,  1890,  on  a  quarter  boat  and  was  towed  to  Old  Town  Landing  by  the 
Xliiitcd  States  steamer  Kintff  arriving  the  following  day.  The  survey  was  at  ouce 
begun,  from  the  end  of  the  completed  levee,  15^  miles  below  Helena  and  continued  t<i, 
the  liead  of  the  Laconia  levees,  about  32^  miles  from  the  beginning,  or  48  miles  Imj- 
low  Helena.  The  progress  was  necessarily  slow,  the  season  being  rainy,  the  country 
unsettled  and  heavily  timbered,  and  with  numerous  canebrakes,  especially  on  the 
ohl  levees,  and  the  rising  river  flooded  the  bayouM  and  low  places  and  delayed  the 
work. 

The  time  occupied  is  distributed  as  follows: 

Days  worked 26 

Days  lost  by  rain 9 

Days  lost  moving  quarter  boat 3 

1  )ayH  lost,  Sundays 6 

Da vs  lost  in  transit 2 

20 


Total '. 46 

The  nictluMl  of  conducting  the  survey  was  to  locate  lines  by  magnetic  beanngs, 
niarkin»^  stntions  at  ea«'h  1()0  feet  with  stakes,  running  careful  levels  and  checking 
sani4*  at  all  available  Ignited  States  bench  marks,  establishing  temporary  bench- 
marks at  about  each  half-mile,  and  taking  elevations  at  all  stations  and  high-water 
marks  of  flocxl  of  18fK)  at  numerous  places,  usimlly  at  each  half-mile  or  less. 

All  old  levees  were  occupied  whenever  they  were  at  a  safe  distance  back  from  tiie 
river,  these  were  cross-sectioned  to  determine  their  volume,  and  the  elevations  o( 
luitural  surfa<'es  of  ground  taken  on  each  side. 

Care  was  taken  to  locate  the  lines  on  as  high  ground  as  practicable,  keeping  at  » 
safe  distance  back  from  all  caving  banks,  aud  to  cut  of*' points  whenever  feasible. 
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The  territory  to  be  protected  is  about  20  miles  long  from  uorth  to  south  by  about 
10  miles  average  width  from  east  to  west^  lying  between  the  Mississippi  and  White 
rivers;  it  is  very  sparsely  settled,  many  farms  having  been  abandoned  on  account  of 
frequent  overflows.  There  is  considerable  good  land,  much  of  which  overflows  less 
than  6  feet;  these  high  lands  generally  skirt  the  lakes  and  bayous^  of  which  there 
are  many. 

Long  Lake  and  Old  Town  bayous  drain  into  the  Mississippi  River  during  low  water, 
but  in  time  of  flood  the  current  is  often  reversed  and  the  water  goes  to  White 
River. 

Below  Old  Town  Bend  the  low-water  drainage  is  into  White  River,  though  in  high 
water  staffes,  should  White  River  be  higher  tnan  the  Mississippi,  the  current  is  re- 
versed ana  the  drainage  is  into  the  Mississippi.  In  fact  the  deep  bayous  conuect  the 
rivers,  and  the  height  of  the  one  above  the  other  determines  the  (lirc(;tion  of  the  cur- 
rents. 

The  principal  bayous  are,  Yellow  Banks,  connecting  witli  Aliens  (or  Flat)  Lake 
which  conneets  with  White  River  through  Goslee  Bayou,  and  Bee  Bayou,  which  heads 
in  a  large  swamp  back  of  the  bend  of  Island  No.  65  and  runs  into  White  River. 

In  the  bend  oi  Island  No.  68  there  are  several  small  bayous  connecting  with  White 
River. 

The  flood  water  escape  can  not  be  even  approximately  determined,  there  being  no 
data,  but  it  is  undonbtedlv  great  at  certain  stages,  as  is  evident  by  tlie  numerous 
bayous  and  slashes  into  wnich  the  country  is  furrowed. 

DESCBIPnOK  OF  THE  LINE. 

From  the  end  of  the  completed  levee,  15^  miles  below  Helena,  Ark.  (Station  765), 
the  line  follows  an  old  levee  to  within  three-quarters  of  a  mile  of  Old  Town  Land- 
ing (325  miles  below  Cairo)^  having  two  inter\'ening  loops  around  breaks.  From  this 
pomt  (Station  884)  the  old  levee  is  abandoned,  as  it  approaches  too  near  the  river  in 
a  badly  caving  bend,  the  distance  back  being  from  350  to  700  feet  for  a  length  of  over 
H  miles ;  besides,  to  occupy  the  old  levee  would  require  a  All  across  Old  Town  Bayou, 
only  400  feet  back  firom  the  river,  which  would  be  270  feet  long,  34  feet  maximum 
height,  containing,  with  4  to  1  slopes,  about  30,000  cubic  yards,  hence  it  was  con- 
sidered wisetomaKe  a  long  loop  at  a  safe  distance  back  from  the  river,  and  to  cross  Long 
Lake  Bayou  above  its  junction  with  Old  Town  Bayou,  into  which  it  discharges, 
thence  follow  np  Old  Town  Bayou  about  3,000  feet,  crossing  it  about  2,000  feet  inland, 
and,  continuing  the  line  back  of  caving  bend,  distant  one-quarter  of  ii  mile  and  n])- 
wards,  to  meet  the  old  levee  again  5,700  feet  above  Yellow  Banks  Break.  This  looji 
is  15,500  feet  long,  on  ground  which  overflows  between  5  and  8^  f<5et.  The  two  bayou 
crossings  are  each  about  110  feet  wide,  29  feet  maximum  depth  below  grade,  and 
require  about  12.(XX)  cnbie  yards  embankment  each. 

The  proposed  location  will  involve  the  excavation  of  a  drainage  ditch  from  Long 
Lake  Bayoa  to  Old  Town  Bayou ;  this  will  be  about  4,5(X)  feet^long,  and  contain  about 
35,000  cubic  yards. 

A  survey  was  made  for  this,  and  project  with  map  submitted  to  you  February  2, 
1891. 

From  the  lower  end  of  the  loop  (Station  1039)  the  old  levee  was  followed  to  Yel- 
low Banks  break. 

The  portion  of  levee  from  Station  765  to  Long  Lake  Ba3'ou  (Station  914)  is  on  the 
same  location  as  that  made  by  Mr.  Henry  Goodrich,  assistant  engineer,  in  November, 
1890.  Tliis  was  examined  and  accepted.  The  old  levee  from  Station  1039  to  Yellow 
Banks  Bayou  (Station  1097),  including  loop,  which  latter  could  not  bo  revised  on  ae- 
oonnt  of  high  water,  was  surveyed  by  Assistant  Engineer  J.  M.  Kloster  in  1887.  This 
was  examined,  and  no  breaks  or  washes  being  found,  the  measurements  and  profile 
were  accepted.  Both  Mr.  Goodrich's  and  Mr.  Kloster's  work  was  recalculated  to 
other  slopes  and  grade  line,  their  temporary  bench-marks  were  rechecked,  and  high- 
water  elevations  of  the  flood  of  1890  taken  along  their  survey. 

The  break  at  Yellow  Banks  Bayou  is  a  large  one  and  the  loop  to  clear  it  will  require 
800  linear  feet  of  20-feet  levee,  or  about  48,000  cubic  yards  oi  embankment. 

From  this  break  (Station  1097)  the  line  follows  an  old  levee,  from  one-half  to  one 

Je  bacl^  of  the  river,  to  Station  1305,  above  Modoc  Landing  (334).    This  portion  has 

ro  small  breaks  in  it. 

kt  Modoc  tlie  line  crosses  the  head  of  Glade  Lake  and  for  over  2  miles  follows  the 
Le  on  a  high  ridge  overflowing  5  to  6  feet  and  is  from  one-half  to  1  mile  inlan<l. 
e  overflow  from  Glade  Lake  is  into  Yellow  Banks  Bayou.    A  line  was  run  between 

B  foot  of  the  lake  and  the  bayou,  and  the  orosNing  found  to  be  so  long  and  deep  that 

raa  obliged  to  cross  the  bayou  at  Station  1441,  where  it  is  115  feet  wide  and  28  (wt 

ximnm  depth  below  grade ;  thence  following  a  high  cane  ridge,  where  the  overflow 

V«>m  5  to  7  feet,  the  line  recrosses  Yellow  Banks  Bayou  at  Station  1534,  wliere  it  is 

ut  the  same  width  and  depth  as  above,  and  at  Station  1555,  about  one-half  mile 

':  from  Hugheya  Landing  (337),  it  connects  with  the  old  levee. 
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Tbe  territory  in  front  of  Glftde  Lake  was  thoroughly  explored,  but  a  line  here  is 
not  feasible  on  account  of  too  close  proximity  to  the  nver  in  a  badly  eavinflr  bend. 

The  double  crossing  of  Yellow  Banks  Bayou  will  not  interfere  with  the  drainage, 
HH  both  ends  are  open.  In  two  [places,  one  back  of  Hngheys  Landing,  and  the  other 
alH)ut  3  miles  below,  arms  of  this  bayou  were  closed  by  the  old  levee,  and  the  em- 
bankments are  in  good  condition  now. 

From  Hugheys  Lauding  (337)  to  near  the  foot  of  Island  No.  64  (343)  the  old  levee 
was  followed  to  Station  1765,  or  about  4  miles. 

There  are  two  levees  here,  but  the  front  one  is  quite  small  and  broken,  whilst  the 
back  one  is  large  and  in  good  condition  and  nearly  np  to  high- water  marks,  with 
only  two  small  breaks,  i  rom  the  end  of  the  old  levee  the  line  crosses  School  House 
Bayou. about  one-half  mile  distant,  and  only  one-quarter  jnile  from  the  river.  This 
rroHHing  is  80  feet  wide  and  about  22  feet  below  grade.  Closing  it  will  not  interfere 
with  the  drainage.  Thence  for  about  1  mile  the  line  follows  illens  (or  Flat)  Lake 
on  high  ground,  about  5^  feet  overflow^  to  Station  1^2. 

From  tiiis  point  two  lines  were  run,  one  in  front  and  the  other  back  of  Bee  Bayou 
swamp,  which  is  back  of  Island  No.  65  (345). 

The  lines  compare  as  follows : 


Lines. 


Back  line 

Front  line 

DifTorence 


Qubic  yards. 


342,300 
328.000 


14,200 


The  front  line  is  over  1^  miles  shorter  and  contains  14,200  cubic  yards  less  earth , 
but  it  is  in  front  of  a  large  cypress  swamp,  much  of  which  overflows  20  feet,  also  on 
sandy  soil,  and  2,000  feet  will  require  an  embankment  about  16  feet  high.  The  back 
line  foUows  the  river  side  of  a  cane  ridge,  is  on  good  ground,  and  has  from  6  to  7  feet 
overflow ;  it  crosses  some  small  bayous  and  one  large  one  (Bee  Bayon)  115  feet  wide 
and  22  feet  below  ^ade  line.  A  somewhat  better  location  of  the  m>nt  line  could  be 
had  by  coming  within  one-quarter  of  a  mile  of  the  river,  but  the  bank  is  caving 
rapidly  here,  or  near  the  upper  end  of  the  bend,  whilst  it  has  about  ceased  caving 
towards  the  lower  end. 

From  the  intersection  of  the  two  lines  about  Station  2035  the  lines  follow  a  high 
oane  ridge,  the  overflow  of  which  is  from  3  to  5  feet. 

At  Upper  Ludlow  woodyard  (347)  the  line  approaches  to  within  1,200  feet  of  the 
river. 

From  Station  2199  two  lines  were  run,  one  along  the  old  levee  to  Ludlow  Landing 

i360)  and  the  other  is  a  cut-ofi*  lino  which  meets  the  old  levee  about  1^  miles  below 
judlow.    The  lines  compare  as  folio ws  : 


Line. 


Cubic  yards. 


Fi'ontline 

Buck  line 

Difference 


Although  the  front  line  occupies  the  old  levee  for  the  most  of  the  distance,  the 
yardage  is  greater,  as  the  old  levee  is  quite  small,  containing  but  50,000  cubic 
yards. 

Below  the  intersection  of  the  front  and  back  lines,  the  line  follows  the  old  levee 
for  li  miles,  thence  it  runs  back  of  the  bend  of  Island  No.  68  (363),  distant  about 
one-quarter  of  a  mile  inland,  to  an  intersection  with  the  '^  Carson  Loop''  levee. 

MKTHOD  OV  PKOCEDUJRE. 


The  White  River  front  should  be  closed  by  following  the  present  plan,  viz:  E: 
tend  the  levee  from  its  present  terminus  above  Old  Town  southward  to  Modoc,  an 
from  the  upper  end  of  the  Laconia  system  northward  to  Ludlow's  upper  landing 
leaving  the  intermediate  ground  until  the  last,  for  here  are  two  large  bayous  whic 
will  drain  the  flood  waters  quickly  to  White  liiver. 
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The  tables  accompanying  this  report  show  in  detail  the  quantities  of  earthwork 
and  clearing  required.  The  embankment  has  been  calculated  upon  a  basis  of  8  to 
10  feet  crown,  slopes  3  to  1  on  each  side,  with  -grade  line  from  3  to  4^  feet  above 
the  high  water  of  1890,  which  was  the  highest  known. 

The  muck  ditch  is  to  be  large,  equal  to  3,000  cubic  yards  per  mile  section. 

The  totals  are  as  follows,  for  a  leng^  of  levee  32^  miles : 

Cubic  yards. 

Enlargement 999,232.6 

New  work 1,382,513.2 

Muck  ditch 100,120.2 

Total 2,481,866.0 

The  total  yardage  in  old  levee  occupied  is  as  follows : 

Cubic  yards. 

Above  Old  Town  Landing 9^,304 

Between  Old  Town  and  Modoc  landings 225, 717 

Between  Hughey's  and  foot  of  Island  No.  64 113, 225 

Below  Ludlow's 34,964 

Total  old  levee 468,210 

The  line  has  been  plotted  on  the  charts  of  the  Mississippi  River  Commission,  scale 
1-10000,  and  a  profile  has  been  made  upon  which  essential  information  has  been 
placed. 
These  are  herewith  submitted. 

Very  respectfully,  your  obedient  servant, 

W.  M.  Rers, 
Assistant  Engineer, 

Capt.  8.  W.  RoKSSLBR, 

Corps  of  Engineers,  V,  8*  A* 


Tlio  following  table  shows  elevation  of  high- water  mark  during  floods  of  1882  and 
1890,  referred  to  Memphis  datum : 


Location. 


Old  Town  Landing. 

Modoc  l^andlni; 

Hiighcy  T.4Uiding  . . . 
OffuU.  Laiiding 

12... 

J.  FerauAon's  puce 

KnowIWn  Landing 172.0 

-  169. 8 


Ludlow  Landing 176.8 


Laoonia 
Haniico 


167.5 


1890. 


189.0 
18:t.  7 
182.2 
177.5 
175. 7 
174,3 
172. 5 
171.6 
170.0 


1 
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WUTTB  RTVKR  FRONT. 


Table  showing  in  detail  tA«  ^putntUie$  in  each  eecHaHjrom  Station  765  to  £,609. 


iSvcUon. 


18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
30. 
37. 
38. 

:to. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 


Station 
firom^ 


765 

884+64 

914 

915 

950+40 
1,003+20 
1,056 
1, 108+80 
1, 161+60 
1, 214+40 
1,267+20 
1,320 
1, 372+80 
1, 425+60 
1.478+40 
1, 531+20 
1,577 
1.620+80 
1,682+60 
1,735+40 
l,788f20 
1,841 
1,893+80 
1,946+60 
1,990+40 
2, 052+20 
2, 105 
2, 157+80 
2, 2rU+60 
2,287+40 
2, 406+20 
2,459 
2,511+80 
2.564+60 


Station 
to— 


884+64 

914 

915 

950H  40 
1. 003+20 
1,056 
1,108+80 
1,161+60 
1,214+40 
1,267+30 
1.320 
1.372  +  80 
i,  425+60 
1.478  4-40 
1.531+20 
1,677 
1.629+80 
1,682+60 
1,735  f 40 
1.788+20 
1,841 
1,893+80 
1,946+60 
1,999+40 
2.052+20 
2.105 
2,167+80 
2,234+60 
2, 287+40 
2,406+20 
2,469 
2,511+80 
2,564  +  60 
2,609 


Bmbanloneni  (onbie 
yards). 


Enlarse- 
menu 


181,841.6 


100,017.6 
09,763.5 

109,832.8 
65,797.5 
52,772.5 
52,159.7 


60, 414. 6 
44, 943. 5 
35, 771. 2 
48, 992. 1 


85, 916. 6 
62,609.4 


Total 999,232.6 


New  work. 


46,100.0 
12,000.0 
57, 756. 3 
89,198.9 


61, 645. 5 
83, 696. 0 
85,200.5 
66,055.9 


59,978.8 
67,807.4 
84, 441. 4 
117, 589. 6 
91,362.2 
78,818.3 
52,179.8 
55,191.0 
44,778.2 
74, 158. 0 


45,832.1 
51,506.8 
57, 221. 5 


1,882,613.2 


Mnck 
ditch. 


6,810.6 
1,761.6 


2,724.0 
3.000.0 
3,600.0 
3, 000. 0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3, 000. 0 
3,000.0 
3,000.0 
3,000.0 
8,000.0 
3,000.0 
3,000.0 
8,000.0 
3,000.0 
8,000.0 
3,000.0 
3,000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
3,000.0 
3,000.0 
3,000.0 
8,000.0 
8,000.0 
3,000.0 
2,700.0 


100,120.2 


Timber 
feUing. 


Acret. 


69.95 
16.71 
18.17 
28.68 
24.24 
24.24 
24.13 
23.60 
16.48 
11.93 
23.87 
28.87 
24.24 
21.12 
21.12 
24.24 
24.24 
24.24 
23.87 
24.24 
^.24 
24.84 
23.87 
18.52 
10.66 
1&34 
24.24 
24.24 
12.85 
5.61 
12.12 
19.92 


701.78 


Old  levee,  11,064  feet. 
From  785  to  915. 


This  nection  ie  6,280 
feet  long. 

Old  levee  31,680  feet. 


5,280  feet. 

Old  levee  20,420  feei. 


)  5,280  feet  in  seotkm. 
5  Old  levee  17,160  feet. 


Totals*  Cabic  yards. 

Enlargement 999, 232. 6 

New  work , 1,882,613.2 

Muck  ditch 100,120.2 

Total 2,481,866.0 

Tot>al  old  levee,  iiBod  which  has  been  deducted  from  above  quantities,  468,210  onbio  yards. 
Length  of  old  levee  occupied,  81,224  feet =15.4  miles. 


/' 


A 


.  f 
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0     PLUM  POINT  BUAOH. 

t 

TabU  ahawinff  leavt  chauHel  depths  and  velocity  of  the  river  channels  from  May  31y  1890 f  to 

May  31, 1891, 


;  Klniot  gHQge 
rendings. 
Bate.  (Zero  equals 

238.06,  Cairo 
,      datum.) 


1890. 

June    6 

20.00 

13 

l.'J.OO 

20 

15.00 

27 

\Ty.  10 

July    21 

8.50 

29 

6.60 

Aug.     6 

5.60 

13 

4.49 

20 

4.90 

26 

4.10 

Sept.     8 

0.60 

12 

5.35 

Oct.     II 

6.50 

NofV.   30 

10.10 

26 

14.85 

Dec.      5 

7.87 

12 

4.95 

1801. 

Jan.      0 

18.70 

13 

20.60 

20 

18.10 

30 

13.30 

Feb.     5 

20.95 

11 

25.70 

May    25 

7.70 

Gold  DuHt. 


iBliiud  No.  30. 


Depth. 


124 


15 
15 

1H4 
22 

}? 

20 

^ 

24 
324 
36 
13 


Velocity. 


3.94 


4.85 
4.47 
3.58 
3.20 

4.76 
4.86 
4.67 
4.56 


5.33 
3.83 


Depth. 


30 
22 
25 
25 
18 
16 
15 
14 
14 
12 
15 
14 
17 
17 
24 
18 
15 

31 

32 

294 

23 

314 

34 

164 


Velocity. 


5.10 
5.03 
6.38 
5.00 
4.62 
4.22 
4.19 
4.15 
4.22 
4.37 
4.15 

4.    170 


Plum  Point. 


5.01 
5.91 
4.54 
4.31 

4.97 
6.05 
4.02 
4.32 


6.30 
4.59 


Depth. 


34 

274 

28 

28 

21 

194 

19 

18 

18 

17 

19 

174 

20 

21 

24 

20 

18 

32 

85 

32 

26 

324 

38 

184 


Vrfocity. 


3.62 
3.80 
4.08 
4.51 
3.97 
3.8:) 
4.55 
3.65 
3.67 
3.43 
3.58 


4.97 
4.57 
3.86 
3.81 

5.05 
3.74 
3.82 
4.56 


Osceola  Bar  to 
Dikes. 


Depth. 
40 

Velocity. 

32 

30 

40 

30 

28 

27 

26 

26 

25 

4.76 
4.76 


24 
26 

•28 
34 
2« 
25 

37 
40 
:w 

41 
44 
24 


I 


3.89 


£N(i^  91- 


-227 


No  dischargo. 


Bate. 

Lower  Plum  Point. 

Lynch's. 

BuUertou  Gap. 

Biillertoii. 

Depth. 

30 

244 

26 

25 

194 

17 

15 

14 

i"4 

15 
14 
17 
17 
23 
14 
12 

27 

29 

274 

21 

30 

34 

16 

Velocity. 

Depth. 

Velocity. 

Depth. 

Velocity. 

Depth. 

VflociJy. 

June 

1800. 

6 

13   

4.20 
4.20 
4.44 
3.95 
3.93 
4.55 
4.18 
4.00 
4.00 

24 
16 
20 
21 
10 

? 

8 
8 
8 
10 
9 

{? 

19 
17 

84 

21 

27 

2.34 

18 

26 

30 

11 

4.20 
3.40 
4.26 
3.90 
3.82 
4.08 
3.97 
3.72 
3.06 
2.75 
3.32 
3.18 

23 
15 
17 

17 

■1 

1 
3 
3 

? 

6 

r*! 

10 
7 

224 

20 

14 

10 

4.29 

n 

2.  m 

20 

3.36 
3.36 

27 

July 

21 

(^) 
{") 
("■) 
(*) 
V) 
(*) 
(♦) 
{") 
(*) 
{') 
(•) 

n 
(*) 

« 

JO.V 

7i 

29 

Aug. 

6 

13 

20 

26 

Sept. 

8 

4.26 
3.95 

12 

Oct. 

11 

Nov 

20 

3.81 
3.79 
3.50 
3.61 

4.27 
4.41 
3.5.'i 
4.35 

3.09 
4.39 
3.40 
3.51 

5.07 
5.29 
4.16 
4.02 

3.53 
4.Qr> 
3.12 
2.04 

3.22 
4.05 
4.22 
2.70 

26 

Dec. 

5 

12 

Jan. 

1891. 

9 

l.GO 

13 

3  15 

20 

'}  t*7 

ao 

Feb. 

5 

1 1 
15 

11 

4.35 
3.50 

4.82 
3.64 

4.00 
3.55 

2  15 

May 

•25 
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Abntract  of  prfyposah  for  hrush  andpoleBfor  u$e  ai  Columbus.  Ky.,  received  in  ret»<mm 
to  adverHeement  dated  July  £S,  1890,  and  opened  August  7, 1890,  by  Capt.  8,  W.  Roeee' 
ler,  Corps  of  Engineers, 


No. 


1 

2 
3 

4 
5 


27ame  and  resldencd  of  bidder. 


Whitney  Oillireath,  Ata,  IU 

Julius  Serbian,  Cairo,  III 

Huntor  Sc  Frey,  Memphia,  Tenn 

Holmes  ic  Stookley,  Memphis,  Tenn 
Bryant  Sl  Pickett,  Uickman,  Ky 


Brush. 


Poles. 


Pertord. 

Pereerd. 

$1.18 

fl.48 

1.48 

2.24 

1.25 

2.35 

1.23 

2.25 

1.05 

L50 

l(OTB.~Bid  of  Bryant  A.  Piokett  accepted. 


Abstract  of  proposals  for  levee  %tork  in  second  district,  received  in  response  to  adverUsemeni 
dated  JSovemher  8,  1890,  and  opened  November  18,  1890,  by  Capi,  8.  W,  Roessler,  Corps 
of  Engineers. 


^ii. 


1 

.3 
4 

5 
6 
7 
8 
9 


Name  and  residence  of  bidder. 


Harvey  ii.  Scott,  Memphis,  Tenn  . . . 

7..  A.  Hakes.  Memphis,  Tenn 

Flynn  6c  De  Garis,  Memphis,  Tenn 

T.Kullivan,  Mcmnhis,  Tenn 

A.  Arnold  &' Co..  Momphifi, Tenn  .. 

Cary  Bros..  New  Orleans,  La 

T.  S.  Aderholdt,  Friar  Point,  Miss  . 

Jos.  C.  Neeley ,  Bardwell,  Ky 

P.  F.  Lamb,  Memphis,  Tenn , 


Upper  Mississippi  Levee 
district  (per  yard). 


S 

I 
I 


*23 


30 
26 


Cts, 
•24 


30 
281 


Ott. 
21 


241 

•IM 
23( 


22^ 


36 


<Hs. 


♦35 


& 


Ots. 


*25 

'» 
25 


P« 


Ots. 


27 


28 
*24i 


i 

h 

s 


ou. 


t31 


Laoonla  Cirole 
(per  yard). 


Si^ 


pur 


cts. 
•16 


21| 


lOi 


ou. 

*17 


24} 


5 

is 


cts. 
♦16 


m 


^ 


n 
a 


I 


♦ii»l 


21 


24 


♦Accepted. 


tS^Jeoted. 


Abstract  of  proposals  for  levee  work  in  second  district,  received  in  response  to  adverHso- 
meni  dated  December  IS,  1890,  and  opened  December  19, 1890,  by  Capt,  8,  W,  Roessler, 
Corps  of  Engineers. 


No. 


2 


Name  and  residence  of  bidder. 


Jrrtri<»«  &  Damcron.  Memphis,  Tenn... 

Thnotliy  Sullivan,  MemphiH.  Tenn 

Johnson  &  McDonell,  Mempliis,  Tenn. 


NoTBe^All  bids  nuectod. 


Helena  Front  (per  cubic  yard). 


Sta- 
tions 
765  to 
804.66. 


Cents. 

28| 

s 


sta- 
tions 
804.66 

to 
822.56. 


CenU. 

28| 


Sta- 
tions 
822.56 

to 
857.35. 


Cents. 
28| 
27* 
31 


Sta- 
tions 
867.85 

to 
870.66. 

Cents. 

281 
27i 


Sta- 
tions 
870.66 

to 

884.64. 


Cents. 


27 
29 


Sta- 
tions 
884.64 
to  9U. 


Cents. 
SI 


231 
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Jhttract  of  proposals  for  four  maUre»B  barffes.  received  in  response  to  advertiBement 
dated  May  S,  1891,  and  opened  May  SO,  1891,  hy  Capt,  S,  W,  Jioeesler,  Corps  of  En- 
gineers, 


Ko. 

Name  and  reHidt^nce  of  biddur. 

Coat. 

1 

David  8.  Barmoro,  MadiHon,  Ind 

$5^20  each  for  two  mattreM  barffe«  to  be  delivered  on 
Flam  Point  Reach  not  later  than  Jul  v  20, 1891,  provided 
navigation  in  not  nuspended  on  Ohio  fover.    $4,920  each 
for  two  mattreiw  barges  to  be  delivered  at  MadiaoD, 
Ind.,  not  later  than  July  20,  1891.    $5,220  each  ior  four 
mattreas  bargea  to  be  delivered  on  Plum  Point  Keach 
not  later  than  Aug.  10,  1891.  provided  navigation  id  not 
anHpended  on  Ohio  River.    $4,900  each  for  four  mattrean 
barges  to  be  delivered  at  Madison,  Ind.,  not  later  than 
Aug,  10,  1891. 

XoTB.^Bida  rejected. 


Ahstraoi  of  proposals  for  hrush  and  poles  for  use  at  Plum  Point  Reach,  received  in  response 
to  advertisement  dated  May  33,  1891,  and  opened  June  IS,  1891,  by  Capt.  S,  W,  Roessler, 
Corps  of  Engineers, 


Na 


1 
2 
s 


Name  and  residence  of  bidder. 


Joaeph  Evina,  Dardanelle,  Ark. . 
Hunter  He  Frey,  Memphis,  Tenn 
Driver  Sc  Carr,  Osceola,  Ai  II.  . . .' . 


I  Per  cord, 
I       $1.11 
1.02 
1.09| 


Poles. 


Pereord. 
$2.25 
1.5C 
L76 


NoTB.— sBid  of  Hunter  Sc  Frey  accepted. 


•    IMPROVING  M188I8HiPPI  RIVKK,  FIRST  AND  SECOND   DISTRICTS. 

Itemized  statement  of  expenditures  on  works  of  construction,  from  June  1, 1890,  to  May  SI, 

1891. 


Coal 

Iron 

Lumber 

Nails 

Oakum 

Oils  and  supplies 

Paint 

Pipe-fittings 

Rope 

Spikes 

Towing 

Piling 

Wire  and  wire  strand 

Brush 

Poles 

Stone 

If  iscellaneons 

Snneriuteitdence  and  labor 

Office  and  general  administration. 


Care  and 

repairs  of 

plant. 


$803.15 
496.03 

4,095.98 
111.25 
447. 44 
253.30 

1.030.10 
258.68 
:<45.64 
109.39 

2, 434. 91 
23.20 


Surveys. 


65.00 
66.25 

483.37 
1,071.94 

474.54 


51.04 
170.07 
606.60 
223. 35 


1, 415. 66 

43, 1)99. 89 

5, 837.  24 


152.17  ; 
5,421.52  j 
647.05 


32. 45 

1,873.52 

196.70 


25.00 

3, 539. 86 

881.71 


61,421.89  j   6,970.77  i   2,393.21    6,966.53 


2.13 

2, 032. 53 

626.34 


3,809.79 
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liemietd  aUiteinent  of  expenditurea  oh  work*  of  conatrHciwn,  etc. — CoutiuutMl. 


Coal 

Iron 

Lumber 

Xftils 

Oakum 

<>ila  aod  supplies 

Paint 

Pipe-a  ttings 

Hope 

Spikea 

Towing 

Wling 

Wire  and  wire  strand 

liriiflh 

Poles 

Stone 

Misoellaueoaa 

Superintendence  and  labor 

Otnce  and  general  administxation. 


Golambofl, 
Ky. 


n. 


380.50 
40.48 

378.45 
22.81 

127.89 
48.75 


114.50 

88.42 
r>62. 92 


1. 
1, 

3, 

10, 
1. 


087.77 
VM.  10 
630.00 
178.  £A 
82.50 
309.22 
071.51 


21,073.09 


Osoeoltt 
Bar. 


$468.70 

44.15 

42.80 

8.62 

7.55 

223.52 


1, 851. 90 

121.51 

2,112.07 


2,749.10 
12.402.17 

2,928.41 

17, 482. 68 

19.18 

27, 719. 05 

6, 670, 68 


Asbport 
Bend. 


$114.00 
10.35 


74,852.09 


Hopetield 
Bend. 


$618. 75 

7. 28 

22. 50 


358. 62 
36.30 
25.00 


878. 24 
1,995.55 

;}99.63 

2,264.00 

52.97 

7, 161. 75 

1,313.08 


TotaL 


$4,453.81 

633.24 

5, 194. 93 

146.55 

587.49 

654.99 

1, 036. 00 

258.68 

2, 779. 74 

474.50 

.^gil.Hrt 

1,701.74 

.'i,  413. 0« 

16,331.82 

3, 904. 04 

22,924.91 

1, 782. 12 

101,271.34 

17,254.66 


124.35  I    15,133.67  <    192,805.39 


tppruximale  value  of  plant  belonging  to  the  United  States  and  used  upon  the  improvement 

'    of  the  Missiseippi  River,  first  and  second  districts. 


Class  of  property. 


Steamer  litan. .. 
Steamer  Kirns  . . 
St-namer  Jttuea  . . 
Steamer  Grahatn 
SteanuT  A  bbot  . . 
Lauucli  Titania  . 
LMunch  Daphne . 

Pile  drivers 

Uiiarter  boats  . . . 
Mattress  barges  . 
Mooring  barges . . 
Sand  pump 


Approxi- 

No. 

mate  value 

Mav  31, 

1891. 

1 

$20,523 

1 

8,742 

1 

6,513 

1 

6,360 

1 

3,000 

1 

363 

1 

470 

36 

42,134 

17 

22, 366 

8 

10, 852 

6 

5,045 

1 

2,569 

Class  of  property. 


G  raders 

Derrick  boat 

R»irg(^ 

Miirliiue-Hhon  boats 

Floating  dock 

Flat1>oats 

Skiffs  ..: 

Tools,  appIianocM,  ete. . . 

Oflic«  furniture 

Surveying  instruments. 


Total. 


No. 


2  \ 
1 


43 
1 


AppiT>xi- 

mate  value 

Mav  31, 

1891. 


$15, 210 

1,800 

22.936 

3,975 

6,110 

325 

23U 

12,500 

264 

625 


192.812 


FIRST  AND  SECOND  DISTRICTS. 


Dishnrsements  made  under  appropriation  for  improving  Mississippi  River  from  Julg  1, 1890^ 

to  June  SO,  1S91, 


Contracts  made  with— 


Bryant  Sc  Pickett. 
Harvey  &  Se-ot  t. . . 
Timothv  Sullivan. 
TS-ATlerboldt... 


For  what  made. 


Willow  brush  and  i)oles 
Levee  work 

^..do 

...do 


Disburse- 
ments un- 
der con- 
tracts. 


r2,645,48 

81.862.27 

25, 362.  58 

.'i,  252.  31 


Liabilities 
under  con- 
tract's. 


>$61, 


332, 31 


115,122.64  I      61,332.31 


Total. 


$2,645.48 

81, 862. 27 

8G,  694. 88 

5, 252.  31 


176,454.98 
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DisbursemenU  made  othertDUe  than  under  contract. 


For  what  expended. 


Ifaterial  and  snppliee 

Sabaiatence 

Servicea 

Toola,  appUanoea,  and  outfit. 
lUaoaDaneona 


By  public 

notice  and 

Healed  pro- 

I>osal8. 


$14,915.71 
10,294.36 


200.14 
40.75 


25.450.96 


In  open 
nuvket. 


$47,695.03 
13.752.88 

123, 235. 67 
8,455.17 
4,228.65 


197,367.40 


Liabilities. 


$31, 219. 69 

964.81 

6, 450. 00 

6, 295. 18 

104.14 


45,033.82 


Total. 


$83,830.43 
25, 012. 05 

129. 685. 67 

14, 950. 49 

4,  im.  54 


267,852.18 


LM  of  ciHlian  engineers  employed  on  work  of  improving  MianaHppi  Hiver,  first  and 
second  districts,  in  charge  of  Capt,  S.  W.  Roessler,  Corps  of  Engineers,  from  June  1, 
1S90,  to  May  SI,  1891, 


Kame  and  rea{denc6. 


Aug.  J.  Nolty,  Chattanooga, 
Tienn. 


"W.  M.  Beea,  Memphia,  Tenn 


C.  W.  Stnrtevant,  Amelia^ 
Ark. 


Wm.  G«rig,  Columbia,  Mo — 

Charlea  W.  Stewart,  Cham- 
paign, III. 

I^aia  £.  Ritter,  Cleveland, 
Ohio. 

Gnatav  Biachoff,  Memphia, 
Tenn. 

S.  £.  Moore,  Friar  Point, 
Miaa. 

Fred.  Wigstrand,  Friar  Point, 

Miaa. 
B.  T.  Waahbum,  Friar  Point, 

Miaa. 
£.  C.  Tollinger,  Arkanaas, 

City,  Ark. 
Hy.  Stenbing,  Lonlaville,  Ky . 
Henry  Goocmoh,  Lake  Provi- 

denee,  La. 

A.  F.  Kilpatrick,  Memphia, 
Tenn. 

B.  I>omblaaer,|Memphia, 
Tenn. 

T.  K.  Llewellyn,  Arkansas, 

City,  Ark. 
George  £.  Lacy,  Arkansaa, 

Ci§,Ark. 
I>.  H.  Howell,  Arkansas  City, 

Ark. 
John  C.  Hutchinson,  Arkan- 

aas  City,  Ark. 


Time 
employ- 
ed. 

Pay 

per 

month. 

Mimths. 

r  m 

$160 

175 
200 

"t 

176 
200 

1  *** 

120 

■      7,1, 

160 

I    2A 

125 

1     ' 

125 

<» 

140 

OA 

126 

Hi>^ 

90 

{   " 

150 

t  lll 

176 
100 

2» 

100 

2 

175 

H 

160 
140 

6|i 

125 

\l 

100 

m 

100 

hi 

75 
90 
75 

1 

70 

Where  .employed. 


Amelia,  Ark 

. . .  .do 

Mfflotiphis,  Tenn . . 

do 

...  do 

Amelia,  Ark 

. . .  .do 

^odoo,  Ark 

Memphis,  Tenn.. 
Columbus,  Ky  . . . 

Amelia,  Ark 

Memphis,  Tenn . . 
Friar  Point,  Miss 

....do 

....do 

do 

Laconia,Ark 

do 

do 

....do 

do 

....do 

....do 

....  do ■ 

. . .  .do 

— do 


Work  on  which  employed. 


Improving    Mississippi    River: 
Plum  Point  Beach. 
Do. 

Levees,  White  River  Basin  and 
office  duties. 
Do. 

Appropriation  for  examinations, 
surveys  and  contingencies  of 
rivers  and  harbors  (act  of  Sep- 
tember 19, 1890. 

Improving  Mississippi  River ;  sur- 
veys, first  and  second  districts. 

Improving  Mississippi  River; 
Memphis  Reach  ana  Columbus, 
Ky. 

Improving   Mississippi    River; 
levees,  White  River  Basin. 

Improving  Mississippi  River;  snr* 
veys,  firot  and  second  districts. 

Improving  Mississippi  River;  Col* 
umbus,Ky. 

Improving  Mississippi  River;  snr- 
veys,  first  district. 

Improving  Mississippi  River;  sur- 
vey of  €%.  Francis  !Front. 

Improving  Mississippi   River; 
levees.  Upper  MissCBsippi  levee 
district. 
Do. 
Do. 

Do. 

Improving  Mississippi  R  i  v  e  r  i 
levee,  White  River  Baain. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
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Riffer  tonnage  andpoinengtr  irajlUcfor  the  eaJendar  year  1890. 


Name  of  line  or  steHner. 


Memphis  and  CinciimatiPaoket 
Company 

8t  Louis  and  Hisaia^pi  Yal-  ? 
ley  Tranaportation  Company  5 

St  Louis  and  New  Orleans  An- 
chor Line 

St.  Louis  and  Natobes  Anchor 
Une 

StMonet  Stais  of  Minouiri 

Steamer  U.P.Behmck 

Lee  Line  steamers 

Steamer  New  Mary  HtniMton. . . . 

Steamer  Chickataw 

Arkansas  RlTer  Packet  Com* 
pany 

Steamer  (?ui4inp  ;8tor 

Steamer  KatB  Adamf 


DeaoripileiL 


Steam- 
en. 


7 
10 


8 

7 
1 
1 
6 
1 
1 

2 

1 
1 


85 


No.ot 
trips. 


86 
68 

408 

46 

128 

1 
9 


65 

8 

104 


Total 
fi^lgfat. 


Greatest 
draft. 


Tent. 
14,633 


450,082 

110,604 

149,934 
2,400 
14,160 
61,000 
18,160 
13,792 

17,682 
14,861 
27,020 


Ft.    in. 
0        0 


9 

9 
6 


8 
6 


ATera^ 
tonnage. 


795 


Paasenxera 
carriM. 


Cabin.  \  Deck. 


1,400 
2,000 


21,162 


rjtr. 


1,500 

2,000 

1,178 
53Q  I 

1,164  :  "i,'i64 
734  I    2,331 


548 
1,1^1    1,912 
1,200  I    4,040 


3, 19U 
19,  M.% 


994 
12,120 


yon.— It  has  been  Impossible  to  obtain  satisfactory  lists  glvinff  the  amounts  of  the  principal  arti- 
cles transported,  as  such  olasslfleations  have  not  heretofore  been  kept  by  all  the  steamboat  lines. 


Appf*opria1ion9  f&r  improving  Mississippi  MiveTj  first  and  second  districts, 

JnDo  80;  1890.  Balance  ayailable,  as  foIlowB: 

First  district $66,548.85 

Second  district 28,W3.78 

First  and  second  districts 19,002.37 

$iu,iir».oo 

June  30,  1891.  Anionnt  allotted  by  Mississippi  River  Commis- 
sion to  dat'C,  as  follows : 
Plum  Point  Ueach 747,500.00 

Plant,  first  and  ser^oud  districts 130, 500. 00 

Levees,  Upper  Mississippi  levee  district 90, 000. 00 

Levees,  second  district,  Yazoo  Front 15, 250. 00 

Levees,  WhHe  River  Basin , 192,500.00 

Preservation  of  works 15, 000. 00 

Surveys,  gauges,  and  observations 15, 000. 00 

Hickman,  Ky 500.00 

New  Madrid,  Mo 1,000.00 

Helena,  Ark 22, 500. 00 

1, 229,  750. 00 

Total I,:^3,fl45.00 

July  18, 1890.  Amount  reserved  by  Chief  of  Engineers  (Hick- 
man, K  y.) '. $1 18. 00 

March  21, 1891.  Amount  nMillotted  by  Mississi))')^»i  River  Com- 
mission    125,  000. 00 

June  30,  1891.  Amount  expended  from  July  1,  1890,  to  date, 

exclusive  of  liabilities  outstanding  June  30,  1890 330,  931. 07 

Outstanding  liabilities 4.5,aS3.82 

Amount  covered  bv  existing  contracts 61,  332. 31 

.562, 41 5.  21. 

June  30,  1891,  balance  available 781,  .52J».  8 

1  Amount  that  can  be  profitably  expended  in  fiscal  vear  ending  June 
30,  1893 ■ : 1,000, 000.  ( 
Submitted  in  compliance  with  requirements  of  sections  2  of  the  river 
and  harl>or  a<ts  of  1866  and  1867. 
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AH'HoPRIATlON  KOR  IMPROVING  MISSISSIPPI  RIVKR,  FIRST  ANI>  SKCt)Nl>   I»1STRICTS. 

Gtneral  hala'Mt  sheet. 
PLUM  POrNT  REACH. 


1800. 
JnsttSO 

KoT.  25 


1801. 
Mar.  30 


To  balance,  inclading  11a- 
bilitira 

To  amoant  allotted  by  Mis- 
sissippi Kiver  Commis- 
sion  


.do. 


207,500.00 
450,000.00 


750,665.22 


1801. 
Mar.  21 


June  30 


By  amount  r«allott<»d  by 
MiHHfHHippi  River  Com- 
miBsiou 

Bv  amonnt  exiM^nded  from 
JnTv  1,  1890,  to  (lat« 

By  liabilitiea 

By  bnlunce 


$12r>,  000. 00 

io:{,6:to.44 

26,131.15 
504, 804.  Ki 


750, 665. 22 


LEVEES,  PLUM  POINT  REACH. 


18M. 
JimeSO 


Tobalaaoe 


175.07 


1800. 
Dec.  31 


By  amount  transferred  to 
preservation  of  works. . . 


$75.07 


SURVEY  OP  ST.  FRANCIS  FRONT. 


Oct    2 


To  amomit  transferred  firom 
protection  of  levees,  sec- 
ond district 


1300.00 


800.00 


1800. 
Dec.  31 


By  amonnt  expended 

By  amount  transferred  to 
surveys,  gauges,  and  ob- 
servations  


$240.50 
50.50 


300.00 


GAUGES,  FIRST  DISTRICT. 


1800. 
Jane  8( 


To  balance,  including  lla- 
bilities ■ 


$031.50 


031.50 


1890. 
Dec.  31 


By  amount  expended 

By  amount  transferred  to 
surveys,  gauges,  and  ob- 
servations   


$.'^•8. 00 
563.50 


031.50 


SURVEYS  AND  EXAMINATIONS,  FIRST  DISTRICT. 


1880. 
Jmie  30 


To  iMdAnce 


$1, 841. 45 


1,841.45 


1800. 
Dec.  31 


By  amount  expended 

By  amonnt  transferred  to 
surveys,  gauges,  and  ob- 
servations  


$632.97 
1,208.48 


1,841.45 


HICSZMAN,  KENTUCKY. 


1800. 
Jane  80 
Nov.  25 


To  balance 

To  amonnt  allotted  by  Mis- 
sissippi River  Commis- 
sion  ^ 


1801. 

$48,647.76 

June  30 

1890. 

July  18 

600.00 

1891. 

June  30 

0- 

40,147.76 

By  amount  expended. 


By  amonnt    reserved    by 
Chief  of  Engineers 


By  btilance. 


$1, 0-'iO.  34 

118.00 
47.  :J70.  42 
49,]47.7« 
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Genial  halanoe  Bheel — Continued, 
c  OLUKBUR,  KENTUCKY. 


1800. 
Jnuc  30 


To   balanoe,  indndixif  liA- 
biUties 


$13,010.16 


1890. 
Deo.  81 


By  amonntGd  expended  to 
date 


$13,016.16 


NEW  MADKID,  MISSOURI. 


1890. 
Nov.  25 


To  amonnt  allotted  by  Mia- 
aisaippi  Biver  CommJa- 
aion 


$1,000.00 


1891. 
June    30 


By  balance. 


$1, 000. 00 


MEMPHIS  REACH. 


1890. 
Jane  90 


To  balance,  induding  lia- 
bUitiee 


$16,178.67 


16,178.67 


1890. 
Deo.  81 


By  amonnt  expended 

By  amount  t^sferred  to 
Memphia  Harbor 


$12,780.70 
3,387.97 


16,178.67 


MEMPHIS  HARBOR. 


1890. 
Juno  30 

Deo.  31 


To  balance,  including  11a- 
billtiea 

To  amount  transferred  from 
Mempbia  Reach , 


$5,619.74 
3,397.97 


9,017.71 


1891. 
June  30 


By  amount  expended    to 

date 

By  liabilitlea 

By  balanoe 


$6,103.28 

29.35 

2,885.08 


9,017.71 


LEVEES,  WHITE  RIVER  FRONT. 


1890. 
June  30 


To  balance 


$3,964.35 


3,954.35 


1890. 
Dec.  SI 


By  amonnt  expended 

By  kmount  tnmsferred  to 
Weea,  White  River 
Baain 


$662.47 
3,201.88 


8,964.85 


FIRST  LEVEE  DISTRICT,  MISSISSIPPI. 


1890. 
June  30 


To  balanoe 


$510.08 


1890. 
Deo.  81 


Bv  amount  tranaferred  to 
levees,  Upper  Miaaiasippi 
leyee  diamot 


$510.06 


OBSERVATIONS  AND  DISCHARGES,  SECOND  DISTRICT. 


1890. 
June  30 


To  balance 


$2.07 


1890. 
Deo.  31 


By  amonnt  expended. 


$2.07 
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G^ffieral  balance  sheet — Continued, 
GATTGES,  SKfONT*  PTSTRTf!'!'. 


1890. 
T>oc.   M 


By  anioiiot  ox]>on(1fd 

Hy  aniount  tranHlerrcMl  to 
'aun-eys,  ^ati{;uH,  anil  ob- 
ftprvatioiiM 


$270.00 
12.50 


282. 50 


aXTRVETS  AND  EXAMINATIONS,  SECOND  DISTRICT. 


18M. 
Jnne  30 


To  balance. 


$1, 575. 06 


1,OT5.06 


1890. 
Deo.  31 


By  aniount  exiMiiiled 

By  amount  transferred  to 
sorreva,  gauges,  and  ob- 
servations  


$455. 17 
1, 119. 89 


1,575.06 


HELENA,  ARE. 


1890. 
June  80 
Oet   ifi 


To  balance  .^ 

To  amount  allotted  by  Mis- 
•iasippi  Kiver  Gctnmis* 
sion 


$2.80 


22,600.00 


22,502.80 


1891. 
June  30 


By  balance 


$22,502.«0 


22, 502. 80 


PROTECTION  OP  LEVEES,  SECOND  DISTRICT. 


18W. 
Jnne  30 


To  balance 


$5,904.45 


5,904.45 


1890. 
Oct.     2 

Dec  31 


By  amount  transferred  to 
survey  St.  Francis  Front. 

By  amount  transferred  to 
preservation  of  works 


$300.00 
5,604.45 


5, 904. 45 


CARS  OF  PLANT,  FIRST  AND  SECOND  DISTRICTS. 


1890. 
Jane  30 


To  balance,  indading  11a- 
bUitiea , 


$20,452.15 


20,452.15 


1890. 
Dec.  81 


By  amount  expended 

By  amount  transferred  to 
plant,  first  and  second 
districts 


$20,444.80 


7.35 


20, 452. 15 


STJRVETS,  FIRST  AND  SECOND  DISTRICTS. 


18M. 
OS  90 


To  balance 


$1,255.30 


1, 255. 30 


1890. 
Deo.  31 


By  amount  expended 

By  amount  transferred  to 
surveys,  gauges,  and  ob- 


servatlons. 


$731.14 

524.16 
l,255.:iu 
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fteuet*a1  bulaniif.  sheet — Ooutinii«d. 
PLAINT,  FIK8T  AND  SECOND  DISTBICTd. 


1890. 
Nov.  2.5 


Bee.  31 


To  lunouiit  allotted  by  MiM- 
itisHippi  Kiver  Commi«- 
Hion 

To  amonut  transferred  tram 
care  of  plant 


$130,500.00 
7.85 


130,507.85 


1891. 
•Tune  30 


By  amount  expended  to  date. 

By  liabilitiea 

By  balance 


$S5,406l2B 
1B,41&S8 
7«,682.74 


189,507.85 


PBESEKYATION  OF  WOBKS,  FIRST  AND  SBCOND  DISTBICTS. 


1890. 
Nov.  26 


Dec.  81 


To  amoont  allotted  by  Mis- 
eiaeippi   River  Ckmimis- 

sion 

To  amonnte  tranaferred  as 
follows : 
Protection  of  levees, 

Second  diatrict 

Levees.    Plnm    Point 
Reaon 


$16,000.00 

6,604.46 
75.97 


20,680.42 


1891. 
Jnne  80 


By  amonnt  expended  to  date. 
By  balance 


$2,163.90 
18,516.58 


20,600.42 


SURVEYS,  GAUGES,  AND  OBSERVATIONS. 


1890. 
Nov.  25 


Dec.  31 


To  amount  allotted  by  Mis- 
sisAippi   River  Comniis- 

sion 

To  amonnts  transferred,  as 
follows : 
Surveys  and  examina- 
tion's First  district . . 
Surveys  and  examina- 
tions Second  district 

Gauges,  First  district 

Gauges,  Second  Uirttriot 

Surveys,  first  and  second 

districts 

Surveys,  St  Francis  Front 


1891. 
June  80 

$15,000.00 

1,208.48 

1, 119. 89 

663.50 

12.50 

624. 16 
50.50 

18,479.03 

By   amount  expended    to 

date 

Liabilities 

Balance 


$5. 314. 94 

455.00 

12, 709. 09 


18,479.03 


LEVEES,  UPPER  MISSISSIPPI  RIVER  LEVEE  DISTRICT. 


1890. 
Nov.  2r. 


Dec.   31 


To  amount  Plotted  by  Mis- 
sissippi River  Commis- 
sion   , 

To  amonnt  transft^rred  ftrom 
First  levew  district,  Mis- 
sissippi   


$90,000.00 


610.08 


90,610.08 


1891. 
June  30 


By  amonnt  expended 

date 

ByliabiUUes 


to 


$56,543.93 
34,906.16 


90,510.08 


LEVEES,  SECOND  DISTRICT,  YAZOO  FRONT. 


1891. 
Mar.  19 


To  amount  allotted  by  Mis* 
sisnippi  River  Commis- 
sion   


$15,250.00 


15,250.00 


1891. 
June  30 


By   amonnt  expended    to 

date 

By  balance 


$1,605.    t 
13,744.    ! 


15,250 
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General  halance  sheet — Coutiuiied. 
LEYSES,  WHITE  RIVEB  BASnT. 


1S90. 
Nov.  25 


Dec   31 


1»L 

\  19 


To  amount  allotted  by  Mis- 
fttmippi  Biver  C<mimift- 
lUoii 

To  amount  transferred  from 
levees,  White  River 
Front 

To  amount  allotted  by  Hia- 
siaaipiii  River  Commis- 
fricm 


#180,000.00 
3,291.88 

12,600.00 


196,791.88 


1891. 
.  June  30 


By   amount  ex]iended    to 

'date 

By  liabilities 

By  balance 


$76, 925. 78 
26,366.15 
92,500,00 


195,791.88 


Aj^roprioHan  far  examinatione,  fmrveySj  and  canHngencies  ofrivere  and  harhars  {act  Sep- 
tember 19y  1890), 

FRELIMIKARY  EXAMINATIONS. 


1890. 
Sept,  20 


To  amount  allotted  by  Chief 
of  Engineers 


$100.00 


100.00 


1891. 
June  30 


By  amount  expended  to  date . 
By  balance 


$66.00 
34.00 


100.00 


Appendix  E. 

&kport  of  captain  c.  mcd.  town8end,   corps  of  engineers,  upon  operations 

in  tpe  third  district. 

United  States  Engineer  Office, 

Memphis f  Tcwn.,  June  SO,  1891, 

Gkneral:  I  have  the  honor  to  suhmit  the  following  report  of  operationn  in  the 
third  district,  improving  the  Mississippi  River,  for  the  fiscal  year  ending  June  30, 
1891. 

Per  Special  Orders,  No.  141,  Headquarters  of  the  Army,  Adjutant-GeneraVs  Office, 
Washington.  D.  C,  June  17,  1890,  I  relieved  Capt.  Willard  Young,  Corps  of  En- 
gineers, of  tne  charge  of  the  district. 

Capt.  S.  W.  Roes^er,  Corps  of  Engineers,  was  temporarily  in  charge  from  August 
28,  1890,  to  March  9.  1891,  per  Special  Orders  55,  Corps  of  Engineers,  Washington, 
D.  C,  Angust  28, 1890. 

The  third,  district  extends  from  the  mouth  of  the  White  River  to  Warrenton, 
Miss.,  a  distance  of  220  miles.  In  its  improvement  work  has  been  undertaken  at 
Lalce  Providence  Reach,  Vicksburg  Harbor,  Delta  Point,  Greenville,  Ashbrook  Neck, 
and  Lake  Bolivar  Front.  Levees  have  been  constructed  and  enlarged  in  the  Lower 
MifisiBsippi  levee  district,  Tensas  Front,  Arkansas,  and  Louisiana. 

During  the  last  fiscal  year  operations  have  been  confined  to  Vicksburg  Harbor, 
AHhbrook  Neck,  the  constructioa  and  high- water  protection  of  levees,  care  and  re- 
pair of  plant,  and  surveying  and  gauging  the  river. 

LAKE  PROVIDENCE  REACH. 


This  reach  extends  from  Carolina  Landing,  Miss.,  517  miles  from  Cairo,  to  the  foot 
f  Island  95,  a  distance  of  35  miles.  Before  the  improvement  was  undertaken,  a 
epth  of  but  4i  feet,  at  low  water,  was  reported  on  some  of  the  crossings.  ( Report 
r  Mississippi  River  Commission,  1883,  page  408.) 

The  works  of  improvement  have  consisted  in  building  permeable  dikes  for  closing 
tiutes,  and  contracting  wide  portions  of  the  river,  and  revetment  of  banks,  to  pre- 
ent  caving.  Dikes  have  been  constructed  at  Duncansby  Crossing,  Cottonwood, 
[ayersville,  Elton,  Baleshed,  and  Stack  Island,  and  are  fully  described  in  previous 
sports  of  the  Commission. 

The  immediate  efifect  of  these  dikes  was  very  beneficial.    A  deposit  of  from  6  to  18 

et  was  made  behind  them  the  first  season,  chutes  were  closed,  and  the  river  at  low 
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^ater  contracted.    The  least  depth  that  has  been  recorded  on  crossings  in  I>ak# 
IVovidence  Reach  since  their  construction  has  been  7  feet. 

The  rxt<»nsive  caring  of  the  banks,  however,  which  has  extended  from  Louisiana 
Jk'ud  down  through  thiR  reach,  haH  successively  flanked  and  destroyed  these  dik<»», 
until  the  Baleshed  and  Stack  Island  systems  alone  remain,  and  the  river  now  threatens 
to  destroy  the  upper  portion  of  the  Baleshed. 

Revetment,  or  bank  protection,  has  been  undertaken  at  Mayersville  Island  and  at 
I^ouisiana  Dend.  Mayersville  Island  was  flanked  and  washed  away;  the  revetment 
disappeared  with  theisland.  The  flrst  revetment  placed  in  Louisiana  Bend  suffered 
the  same  fate,  but  that  constructed  there  in  1889,  6,024  feet  in  length,  has  success- 
fully withstood  the  action  of  two  freshets. 

A  summary  of  the  condition  of  this  reach  is  given  in  the  accompanying  report  of 
United  States  Surveyor  William  P.  Richards. 

The  revetment  of  Louisiana  Bend  will  be  extended  during  present  low-water 
season,  as  far  as  the  available  plant  will  admit. 

Attention  is  invited  to  the  increased  caving  that  is  taking  place  above  Lake  Provi- 
dence, La.,  which,  unless  checked,  will  eventually  extend  to  the  town,  and  by  break- 
ing into  the  lake  necessitate  a  very  extensive  and  costly  change  in  the  position  of 
levees  in  that  locality. 

From  the  records  of  the  board  of  State  engineers  of  Louisiana,  furnished  through 
the  courtesy  of  Assistant  State  Engineer,  H.  B.  Thompson,  of  Louisiana,  I  find  that 
caving  from  1866  to  1882  in  this  locality  was  at  the  rate  of  about  100  feet  per  year, 
from  1882  to  1890,  at  the  rate  of  about  262  feet  per  year,  and  from  1890  to  1891,  from 
600  to  800  feet.  The  destruction  of  the  Baleshed  system  of  dikes  mfty  be  expected 
to  accelerate  the  caving  in  front  of  the  town. 

YICKSBURG  HARBOR  AND  DELTA  POINT. 

The  holding  of  Delta  Point  has  been  an  essential  part  of  all  projects  for  improving 
Vicksburg  Harbor.  The  revetment  of  its  caving  banks  was  commenced  in  1878,  and 
continued  im til  1884,  10,700  linear  feet  being  thus  protected.  Since  that  date  some  rt^> 
>airs  have  been  made,  but  none  have  been  required  during  the  last  two  years.  The 
)ank  is  caving  extensively  above  the  portion  protected,  and  it  will  be  necessary  ulti- 
mately to  extend  the  revetment  farther  up  the  river  to  prevent  the  flanking  and  de- 
struction of  the  work  already  constructed.  This  work  should,  however,  be  deferred 
until  the  caving  has  assumed  a  more  uniform  surface. 

The  project  for  the  improvement  of  Vicksburg  Harbor,  under  which  work  is  beings 
carriea  on,  was  approved  by  the  Secretary  of  War  in  1887,  and  is  as  follows : 

To  prevent  the  water  flowing  into  Centennial  Lake  and  make  a  still- water  basin  ii^ 
front  of  the  city ;  then  to  dredge  a  navigable  basin  in  this  basin,  and  a  canal  con- 
necting it  with  the  river.  To  carry  out  this  project  it  was  proposed  to  bnild  a  dam 
across  the  lake  from  the  city  to  De  Soto  Island,  and  a  dike  from  near  the  river  end 
of  the  island  to  the  canal,  thence  parallel  to  the  canal  to  the  river.  The  basin  was 
to  be  1,700  feet  long  and  300  feet  wide;  the  canal  75  feet  wide  at  the  bottom,  with  a 
slope  of  1  on  3  on  the  land  side,  and  1  on  5  on  the  water  side. 

The  material  dredged  has  been  deposited  along  this  dike  and  dam,  with  the  inten- 
tion of  ultimately  surrounding  the  basin  with  a  dam  of  earth. 

To  the  beginning  of  the  present  year  there  had  been  excavated  in  the  canal  and 
1>asin  581,609  cubic  yards  under  this  project. 

Dredging  was  then  in  progress,  and  in  August,  when  work  was  suspended  on  ac- 
count of  the  low  stage  of  the  river,  the  canal  had  been  excavated  to  the  plane  -f-8 
feet  on  the  Yicksburg  gauge,  but  the  side  slopes  were  left  nearly  vertical  and 
commonced  sliding  into  the  canal,  so  that  a  navigable  depth  to  the  •4-8-foot  plane 
was  not  attained. 

Bills  were  opened  for  dredging  Vicksburg  Harbor  January  11,  1891. . 

The  following  were  received: 


I 


No. 


1 
2 


Name  of  bidder. 


B.  L.Wood,  Jr 

Alabama  Dredging  and  Jetty  (%>nipauy 


Per  cubic 

yard^aoow 

measnre. 


Otnif. 
ISA 


*  Contract  was  made  for  11.9  cents  for  short  hanl. 


The  contract  was  awarded  to  tbc  Alabama  Dredging  and  Jetty  Company,  the 
lowest  bid<l«rs,  for  11.9  cents  short  haul  and  13.9  cents  long  haul.  VVork  was 
begun  under  this  contract  Mareh  4,  1891,  and  by  June  1,  1891,  164,000  cubic  yards 
had  been  excavated. 
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The  following  extracts  from  the  re|K>rt  of  Assistant  Enffiueer  H.  St.  L.  Copp^e^  wlio 
boB  been  in  local  charge  of  the  dredging,  gives  a  detailed  account  of  the  work  done. 
It  should  be  noted  that  the  estimate  of  material  to  be  dredged,  submitted  by  him, 
are  computed  for  a  width  of  canal  of  100  feet,  while  the  project  calls  for  a  caual  of  a 
bottom  width  of  75  feet.  For  a  75-foot  canal  the  estimate  would  be  to  — ^5-foot 
plane,  1,064,598  cnbio  yards  in  place;  to  — 10-foot  plane,  1,552;  188  cubic  yards  in 
place. 

EXTRACT  FROM  REPORT  OF  ASSISTANT  ENGINEER  H.  ST.  L.  COPP^E.    ' 

At  the  time  the  last  annual  report  was  submitted  three  dredges  were  in  operation 
in  the  harbor,  two  being  contractor's  dredges,  and  one  the  Government  dredge 
Menge. 

The  contract  work  was  being  done  by  the  Alabama  Dredging  and  Jetty  Company. 
The  price  paid  10  and  12  cents  per  cubic  yard,  measured  in  scows ;  the  latter  price 
being  for  long  haul  around  De  Soto  Island  to  north  side  of  dike.  The  amount  avail- 
able for  the  contract  dredging  at  the  commencement  of  that  season's  work  was 
$50,000— $29,000  of  the  full  allotment  (of  $79,000)  being  retained  for  changing,  repair- 
iugi  and  operating  the  Government  dredge  Menge  and  outfit.  The  horizontal  plauo 
to  which  the  dredging  was  being  carried  was  -f  8  feet  on  the  gauge.  The  base  of  pro- 
posed excavation  ueing  100  feet  wide,  slopes  on  bar  side  5  to  1,  and  on  city  side,  3 
to  1. 

Up  to  May  1,  1890,  the  two  contractor  dredges  had  Diuved  material  from  canal  :is 
foilowM ; 


Dredge  Hemdon 
I>redge  Shelly.. 

Total 


Long  hatd. 


Oubic  yardi. 
47,002 
03,890 


110,  802 


Short  haul. 


Cubic  yardi. 
14, 762 
83, 032 


97,794 


Total 


Oubie  yard*. 
61,764 
146, 922 


208,686 


By  a  glance  at  the  accompanying  liydrugraph  for  1890  (omitted),  it  will  be  seen 
that  during  the  time  the  dredges  wore  at  work,  up  to  May  1,  the  wat<?r  had  been  at 
a  high  stage,  and  did  not  fall  to  an  easy  dredging  plane  until  the  middle  of  June, 
but  from  the  latter  date  it  fell  very  rapidly.  Both  the  tlredges  used  by  the  eontra<-- 
tor  were  clam-shell  diggers,  of  4-yard-bucket  capacity.  The  Shelly  was  worked  day 
and  night,  and  the  Hemdon  only  during  daylight.  A  detailed  description  of  thcHe 
dredges  is  given  in  former  reports. 

In  1888  an  appropriation  was  made  for  the  improvement  of  the  harbor,  of  $150,000  j  of 
this  $15,000  was  reserved  for  repairs  to  Delta  Point,  Louisiana.  Captain  Young,  seeing 
the  importance  of  continuing  the  dredging  as  long  as  possible  and  retaining  the  con- 
tractor's plant  till  another  appropriation  was  made,  requested  of  General  Comstock, 
president  of  the  Mississippi  Kiver  Commission  authority  to  use  this  reserve  fund 
($15,000)  in  dredging,  but  the  General  refused  to  comply  with  his  retiuest. 

June  28,  when  I  had  arranged  the  work  between  the  two  dredges  so  as  to  facilitate 
finishing  to  the  required  plane  (+8)  before  the  water  fell  sufiiciontly  to  ntop  it,  the 
Shelly  was  ordered  away  by  the  contractor;  she  was  towed  out  of  the  harbor  June 
25,  leaving  the  work  in  a  very  unsatisfactory  condition. 

My  plans  had  to  be  changed  and  the  ffemdon  placed  in  such  a  manner  as  to  insure, 
if  possible,  a  channel  (of  sutticient  width  to  allow  boats  to  pass)  to  the  required  depth 
before  the  water  receded  sufliriently  to  stop  the  work  for  that  seaHon. 

No  slopes  were  cut,  but  the  dredge  worked  in  the  main  cliannel  eutting  t<i  -f8  feet 
on  the  gauge,  leaving  vertical  Rides,  there  l>eing  no  time  for  slope  cutting. 

June  25,  the  contractor  asked  for  an  extension  of  his  contract,  whii^li  was  granted 
by  the  Chief  of  Engineers. 

July  26,  the  river  having  reached  the  16-ioot  Htage  with  a  couHtant  downward  ten- 
lency,  the  Herndon  was  withdrawn  from  the  canal.  The  cutting  at  the  mouth 
of  the  ciinal  had  proven  a  v«»rv  slow  an<l  <lifticult  Job  hceaoso  of  the  great  amount  of 
iand  that  eoiiNtitnted  the  material  dredged. 

Owing  to  thi"  withdrawal  «>f  the  Shillij  ami  Mif  rapid  dcrliuo  of  thfjiNrr.  soiiin 
•uups  were  left  in  the  eanal  that  we  e«)ntemplated  ivni«»ving. 

At  all  stages  ahtive  14  feet  on  the  gaii;;t'  the  snialleMt  fioai.n  Wfie  able  to  use  thti 

iual,  HO  that  up  to  the  end  of  1890  there  were  hut  *J^  niontliH  that  tlu'so  hoati)  wero 

^pt  from  the  harbor. 
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The  material  moved  by  these  contract  dredges  daring  the  season's  work,  ending  July 
26, 1890;  was  as  follows: 


Felnruary 
March . . . 
April..-. 

May 

Jnne 

July 


Total 


Homdon. 


Long  haul. 


Oubicyards. 


47,002 

43,841 

6,990 


Short  haul. 


Cubieyards. 


Shelly. 


14,762 
18,988 
42,  526 
29,171 


97,842 


105,447 


Long  hauL 

Cubieyards. 
6.609 
34,223 
23,058 
31,659 
14,564 


no,  113 


Short  haul. 


VtUficyards. 
8,365 
39, 792 
34,875 
46,587 
13,760 


143,379 


Total  long  haul 207, 955  yards,  at  12  centa . 

Total  short  haul 248, 826  yards,  at  10  oeuta. 


Total 456,781 


$24,954.60 
24,882.60 

49,837.20 


The  canal,  when  the  contract  was  finisliefl,  was  cut  to  about  the  -h^^oot  plane. 
It  was  less  than  100  feet  wide  at  bottom  in  places  and  with  much  steeper  slopes  than 
5  and  3  to  1.  Consequently,  during  the  lower  stages  of  water,  there  was  some  slid- 
ing at  the  sides,  which  would  not  occur  were  the  slopes  cut  to  the  proposed  angles. 

At  the  time  of  the  making  of  the  last  annual  report  the  Menge  dredge  was  tempo- 
rarily stopped  for  repairs  and  additions,  patent  roller  track,  steam  capstan,  etc.,  tnat 
were  recorded  in  that  report.  Up  to  the  time  of  making  tnese  changes  and  repairs, 
the  work  of  the  dredge  had  been  very  unsatisfactory,  only  making  an  average  of  130 
cubic  yards  per  day.  After  the  changes^  the  average  yardage  was  increased  to  350 
per  day,  her  best  work  being  740  yards  in  10  hours. 

The  approximate  cost  of  running  the  dredge  was  $65  per  day,  making  the  cost  per 
yard,  18  cents.  The  stage  of  water  during  the  most  of  the  time  this  cfiedge  was  in 
operation  was  very  unfavorable  for  working  her.  ITie  output  would  have  oeen  con- 
siderably greater  in  lower  water.  This  dredge  was  worked  up  to  June  1,  in  the  canal, 
and  then  had  to  be  moved  to  the  basin,  where  the  material  was  so  hard  on  the  slope 
that  whe  broke  her  cutter  wheel,  and  was  laid  up  permanently  after  operating  until 
June  6.    Tlie  mat^^rial  moved  by  this  dredge  during  the  season  was  as  follows: 

Cubic  JBTdB- 

March 792 

April 722 

May 6,195 

June 1, 083 

Total 8,792 

The  total  material  moved  during  the  season  from  the  canal  was : 

TanlA  in  scows. 

By  Menge  dredge 8, 792 

By  contract  dredges 456, 781 

Total 465,573 

The  first  cost  of  the  Menge  and  outfit  was $20, 237. 65 

The  season's  work,  repairs  and  additions 13, 119. 73 

Total 33,357.38 

At  the  close  of  the  dredging  season  the  canal  was  thoroughly  cross  sectioned,  and 
the  following  estimate  of  material  dredged  (measured  in  place)  submitted. 

This  estimate  also  gives  a  comparison  of  material  moved  in  scows  and  in  plac«, 
and  the  material  to  be  moved  at  that  time  in  order  to  finish  the  project,  or  to  the 
planes  from  -|-6  down  to  10  feet  below  zero. 

If  the  river  should  reach  its  lowest  recordeil  stage  of  4  feet  below  zero,  the  chan- 
nel depth  would  be  (if  tho  dredging  was  carried  to  the —10- foot  plane) -f 6  feet, 
8niiicient-fi>r  all  boats  in  this  trade  at  tliat  season  of  the  year. 
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Material  dredged  in  1890. 
[Exoavation  in  oftoal  by  oontnicton  and  Goyemment.] 


Range. 


1 

2 

3. 

4, 

5. 

e 

7. 

8. 

9 

10 

U 

12 

13 

14 

15 

16. 

17 

18. 

IS. 

30. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

D. 

36. 

37. 

38. 

30. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

40. 

50. 

51. 

52. 

S3. 

51. 

56. 

56. 

57. 

56. 

50. 


Total. 


Mean 
area. 


1. 
1, 
1, 
1. 
1, 
1, 
1, 
1, 
1, 
1, 
2> 
1. 
2, 
1. 
1, 
1, 
1, 
2. 
1, 
2, 

1, 
2, 

2, 
2. 
2, 
2. 
2, 
2, 
1, 

1, 
L 

1, 
1. 
1. 

1, 
1, 
1, 
1. 
1, 
1, 
1, 
1, 
1. 
1, 
1, 
1, 
1, 
2. 
2, 
2, 
1, 
1, 
2, 
2, 
1, 
2. 
1. 


7»4.1 
960.4 
837.7 
794.5 
76L5 
890.3 
713.5 
819.0 
796.0 
821.8 
826.0 
018.0 
983.5 
085.0 
810.4 
790.0 
878.5 
947.4 
030.0 
997.5 
226.7 
900.0 
068.2 
088.7 
150.6 
096.0 
354.0 
273.0 
051.3 
926.7 
980.4 
921.0 
791.6 
975.2 
884.0 
750.0 
823.0 
630.0 
737.0 
758.7 
732.7 
525.6 
687.8 
558.3 
538.5 
792.5 
979.6 
903.0 
127.5 
176.0 
043.0 
844.3 
883.7 
097.0 
040.0 
960.8 
151.0 
503.5 
613.5 
253.5 
200.0 


1,377.3 
1,890.1 
1,816.1 
1,778.0 
1, 820. 0 
1,805.0 
1,766.3 
1,807.6 
1,808.7 
1,823.7 
1,922.0 
2,000.8 
2,034.3 
1,947.7 
1.800.2 
1,834.3 
1,912.9 
1,988.7 
2, 013. 8 
2,112.1 
2,063.4 
1,979.1 
2,073.5 
2,119.6 
2, 123. 3 
2,225.0 
2,313.5 
2,112.1 
1,989.1 
1,953.6 
1.950.7 
1,856.3 
1,883.4 
1,929.6 
1,817.0 
1,786.6 
1,731.1 
1,688.2 
1,747.8 
1,746.6 
1,629.1 
1,606.7 
1.623.1 
1,548.4 
1,665.6 
1,881.0 
1,939.8 
2,016.3 
2,15L3 
2,109.6 
1,»48.6 
1,864.0 
1,990.4 
2,073.0 
2,004.9 
2,055.4 
1,872.2 
1, 103. 6 
433.5 
226.8 


DU- 

triot. 


Cubic  feet 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
70 
30 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


137,730 
189,910 
181.610 
177,800 
192,900 
180.500 
176,630 
180,750 
180,870 
182,870 
192,200 
200,080 
203.430 
194,770 
180,020 
183.430 
191,290 
198,870 
201,380 
211,210 
206.340 
197,910 
207,350 
211,960 
212,330 
222,500 
231,350 
211,210 
198, 910 
195, 360 
195,070 
185,630 
188,340 
192,960 
181.700 
123.055 
51,933 
168,820 
174,780 
174,560 
162,910 
160,970 
162,310 
164,340 
166,560 
188,100 
193,980 
201.520 
216,130 
210,950 
194,360 
186,400 
199,040 
207,300 
200,490 
206,640 
187,220 
U0,350 
43,350 
22,680 


Cabio 
yards. 


5. 101. 3 
7,033.7 
6,726.3 
6,585.2 
7,144.4 
6,685.2 
6,541.9 
6,694.4 
6,608.9 
6,754.4 
7,118.5 
7,410.3 
7,534.4 
7,213.7 
6,667.4 
6,793.7 
7,081.8 
7.365.6 
7,458.5 
7.822.6 
7,642.2 
7.330.0 
7,679.6 
7.850.3 
7.864.1 
8.240.7 
8,569.6 
7,822.5 
7,367.0 
7,235.6 
7,224.8 
6,875.1 
6,975.5 
7,146.7 
6,729.6 
4, 557. 5 

1. 923. 4 

6. 252. 5 
6, 473. 3 
6. 465. 2 
6,033.7 
5,950.7 
6,011.4 
5,734.8 

6. 168. 5 

6.966. 6 
7.184.4 
7,463.6 
7,967.8 
7,814.1 
7,198.5 
6,903.7 
7,371.8 
7,677.8 
7,425.6 
7,612.5 
6,934.0 
4,087.0 
1,605.6 

840.0 


10,843,680 


401,610.7 


Cabio  yards. 

^Aterial  moved  fttnn  canal 401,610.7 

iMtcb  cut  by  Jr(nHK  dredge  in  basin 966.0 

Total 402,576.7 

The  material  moved  as  exoayated  and  measured  lu  hcowh  miliar 465,573  cubic  yurdn^ 
which  shown  an  expanttiou  of  Wtween  15  and  Ki  per  cent. 
The  following  ia  the  amount  of  matarial  measured  in  plaee,  as  estimated  after  ilxo 
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«lrodgiii^  season  of  1890,  that  it  would  be  ueoesBary  to  move  in  order  to  cut  the  oanal 
»ud  baain  to  the  +  6^  +  5;  +  ^;  +  3;  +  2;  +  1;  0,  —  &)  luad  —  10  foot  planes: 


Cabio 

+6-foot  plane  canal  and  basin 257,967 

4-5-foot  plane  canal  and  baain —    329,992 

H-4-foot  plane  oanal  and  basin —    404,441 

4-3-tbot  plane  canal  and  basin —    481, 399 

-f  2-foot  plane  canal  and  basin —    560,781 

-j- 1-foot  plane  canal  and  basin —    642, 615 

0-foot  plane  canal  and  basin —    729, 280 

—5-foot  plane  canal  and  basin —1, 199, 023 

—10-foot  plane  canal  and  basin — 1,715,412 

In  order  to  obtain  the  plane  to  which  it  is  possible  to  ont  the  canal  and  basin  when 
the  measurement  is  in  scows,  it  is  necessary  to  add  16  per  cent,  for  expansion  of  ma- 
terial, before  multiplying  by  contractor's  price. 

During  the  year  1890,  the  small  boats  were  able  to  use  the  river  harbor  at  all  stages 
above  15  feet  on  the  gauge,  or  all  the  year  with  the  exception  of  90  days,  or  say,  3 
months. 

The  larger  boats,  Anchor  Line,  etc.,  owing  to  the  presence  of  the  lamps  at  upper 
end  of  canal,  did  not  use  it  except  at  nigher  stages.  The  washing  and  sliding  on  of 
slopes  in  the  canal,  heretofore  mentioned,  was  entirely  due  to  the  fact  that  the  sides 
were  cut  so  nearly  ]>erpendicular.  The  material  slid  from  the  sides,  causing  some 
little  fall  in  the  middle  of  the  canal. 

The  floating  property  on  hand  when  the  work  of  1890  waM  in  operation  was  as 
follows : 

Contractors  plant:  1  dredge.  Shelly;  1  dredge,  Hemdon;  4  large  scows  (about  475 
yards  each),  2  tugs,  and  4  small  boats. 

Government  plant :  1  dredge,  Menge;  1  tug,  Parker;  2  scows  (about  200  yards  each), 
1  quarter  boat,  1  barge,  1  pile  driver,  2  calking  flats,  4  skiffs,  and  1  yawl. 

As  before  stated,  June  25  the  dredge  Shelly,  with  tug  and  2  scows,  left  the  harbor, 
and  the  remainder  of  the  contractors'  property  followed  July  28.  The  pile  driver  and 
barge  were  sent  to  Greenville  during  the  high  water. 

Auf|:uMt  4  the-tu^  Parker ,  with  the  two  dump  scows,  were  sent  to  Memphis  to  be 
used  in  dredging  in  that  harbor.  In  the  mean  time  the  dredge  Menge  and  outlit  waa 
laid  up  and  being  cared  for  by  watchmen  employed  for  that  purpose. 

December  8  the  remaining  property,  the  dredge  Afea^eand  outfit,  was  turned  over 
to  Captain  Kingman  to  be  used  at  the  mouth  of  Red  River^  Louisiana,  where  the 
conditions  are  muoli  more  favorable  for  working  that  kind  of  dredge. 

Early  in  August,  1890,  in  accordance  with  instructions  from  you,  I  made  a  recon- 
uoissance  of  the  harbor  and  Delta  Point,  and  the  Mississippi  River  in  the  vicinity, 
with  the  assistance  of  an  instrument-man  and  three  laborers.  I  established  four  of 
the  original  triangulation  stations,  ran  a  meander  line  along  Delta  Point  to  a  point 
directly  opposite  the  mouth  of  the  Yazoo  River ;  also  from  a  point  on  the  Mississippi 
side  of  Kings  Bar  to  the  Refuge  Oil  Mill,  connecting  the  latter  line  with  the  survey 
of  the  canal.  In  addition,  soundings  were  made  to  show  subaqueous  slopes  along 
these  lines,  and  in  order  to  define  the  low-water  contours  as  nearly  as  possible. 

August  15  a  report  and  map  were  sent  to  your  office,  the  result  of  the  survey.  The 
lines  establishefl  are  shown  on  the  accompanying  plate  No.  12  (omitted)  and  the 
followiug  extract  is  made  from  that  report : 

''A  study  of  the  map  will  show  that  no  radical  change  has  taken  place  in  the  river 
in  this  vicinity  in  the  last  4  years.  Tlie  change  seems  rather  to  have  been  gradual 
and  in  the  same  direction  Hiuce  1882.  The  bar  above  Delta  Point  caved  at  the  upper 
end  110  feet,  approximately,  back  from  the  line  of  1886,  midway  of  the  bar  or  opposite 
triangulation  station  (A). 

The  change  was  2iX)  feet  at  the  lower  end.  Off  point  of  old  levee  it  increased  to 
350  feet. 

JSix  hundred  feet  below  this  point,  or  where  the  bar  originally  and  still  ends,  there 
exists  a  buckshot  point,  which  has  resisted  the  action  of  a  very  swift  current  for 
the  last  6  years;  from  this  buckshot  point  to  just  above  the  Delta  wharf  boat  the 
Huba(iuec)UH  bank  waM  in  1878  and  1879  covered  with  small  50  by  150  feet  mattresses 
that  have  l»een  swept  away  by  the  action  of  this  current.  As  shown  by  the  lines  on 
the  map  from  the  point  of  tliin  bar  to  the  head  of  the  i'<ivetled  bank,  the  Nloughitig 
or  easing  in  vt'ry  extenniv**  n\n\  itestructive.  The  line  of  the  top  of  tlie  sliding  bank 
in  some  pJares  being  um  far  as  2oO  feet,  back  of  the  water,  the  buikMhot  point  at  th« 
head  of  thiN  rejirli  is  }»rt-aking  up  in  vertical  cleavage  and  sinking  away  from 
theiualn  bank.  A  bad  <'ave  at  the  lower  end  again.st  the  hea^t  of  the.  revetment 
threatens  the  nlability  of  that  work.  On  the  Mississippi  side,  above  the  A.  and  V. 
incline,  both  the  16  foot  and  0  planes  of  the  present  bank  have  moved  out  or  built 
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vp  considerably  since  1886,  except  in  one  small  reach  where  the  0  line  of  1886  is  450 
feet  outside. 

From  West  Pass  np  the  river  for  a  distance  of  over  a  mile  the  4*I3-foot  line  of  the 
year  1890  has  moved  out  400  feet  from  the  line  of  1886.  From  West  Pass  south,  ur 
down  the  river  to  the  A.  and  V.  incline,  the  change  has  been  from  200  to  400  feet. 

Below  the  incline  to  where  the  rock  has  been  exposed^  checking  the  erosion,  tlio 
bank  has  caved  on  an  average  of  100  feet. 

On  the  Louisiana  side  below  the  V.  S.  and  P.  incline  the  low-water  line,  aH  Hh(»wu 
on  ma^,  is  an  approximation,  no  meander  having  been  made  or  sounding  taken  to 
define  it  accurately. 

The  information  derived  from  this  reconnoissance  points  to  the  fact,  ns  before 
mentioned,  that  no  radical  change  had  taken  place  in  the  regimen  of  the  river  here, 
bnt  that  there  has  been  simply  a  continuation  of  the  action  that  has  existed  in  this 
vicinity  for  the  last  6  or  8  years,  to  wit:  llie  wearing  away  of  the  bank  and  bar 
above  Delta  Point  towards  its  original  position  before  tne  bar  was  made,  the  result- 
ing breaking  np  of  the  exposed  points  below,  bringing  the  bend  to  a  more  uniform 
and  concave  condition,  but  also  threatening  the  destruction  of  railroad  property  at 
Delta  Point  and  the  flanking  of  the  revetted  bank  now  intact  (1890);  on  the  Mis- 
lissippi  side,  the  continued  l>nilding  of  the  bar  from  the  West  Pass  up  the  river, 
and  the  caving  of  the  bank  south  to  where  the  exposed  bluff  rock  has  checked  the 
force  of  the  current. 

The  crest  of  the  bar  from  the  new  canal  northwest  is  very  high,  no  water  bnt  that 
nearly  approaching  a  flood  giving  sufficient  depth  for  passage  of  boats,  llie  condi- 
tions existing  just  at  the  mouth  of  the  cAial  are  very  favorable  for  a  continuation  of 
that  work,  tne  bank  being  verjr  abrupt  and  the  approach  to  deep  water  very  sudden. 

At  this  point  there  is  no  indication  of  bar  formation  in  the  last  3  years,  as 
shown  by  our  profiles  of  canal  cross  sections. 

West  Pass  retains  approximately  the  same  position  it  has  occupied  since  it  was 
formed  bv  the  natural  action  of  the  water  draining  from  Centennial  Lake. 

No  worK  of  any  kind  was  done  in  the  harbor  after  the  first  part  of  November  last, 
when  I  was  put  in  charge  of  the  levees  in  the  Lower  MissiHsip^i  levee  district, 
nntil  Febmary  10,  when  we  commenced  to  renew  base  lines  and  signals  for 
locating  dredges  and  have  canal  cross  sectioned  to  obtain  change  since  last  survey 
on  whi^  to  base  present  estimates. 

Seventy-five  thousand  dollars  was  made  available  for  the  season's  work,  and  ou 
the  12tii  day  of  January,  1891,  the  contract  was  awarded  to  the  Alabama  Dredging 
and  Jetty  Company  at  11.9  cents  per  cubic  yard  in  scows  for  short  haul  and  13.0 
cents  for  the  long  haul.  Some  slight  modifications  were  made  in  the  specificatiouH 
for  last  year's  work  :  tiie  contractors  to  commence  on  or  before  ten  days'  notice  ex- 
pire, and  complete  ii  by  December  31, 1891,  and  to  excavate  at  least  4,000  cubic 
yards  per  day. 

Owing  to  the  fact  that  the  woodwork  of  the  dam  across  the  lake  was  burned  out 
in  part^uring  the  autunm  of  1890  there  will  be  no  long  haul,  it  being  possible  for 
the  tu^  and  scow  to  pass  through  burned  part  of  dike  and  dump  along  dam  as  here- 
tofore m  accordance  witii  project. 

The  fire  that  destroyed  a  part  of  the  dike  occurred  Sunday,  November  2, 1890, 
at  about  12  o'clock  in  the  day.  The  structure  was  set  on  fire  by  young  white  men 
throwing  a  lighted  match  into  the  dry  grass  and  rotten  timber  at  base  of  dike.  It 
bnmed  from  a  point  800  feet  east  of  De  Soto  Island  to  the  Island. 

I  had  the  guilty  parties  arrested,  and,  the  United  States  district  attorney  being 
absent,  had  them  tried  before  a  justice  of  the  peace  (and  United  States  commis- 
sioner). The  sympathy  of  the  judge  and  some  of  the  witnesses  was  with  the  ac- 
cused, and  the  trial  proved  a  farce,  the  prisoners  being  acquitted  in  spite  of  clear 
evidence  of  their  guilt. 

During  February,  1891,  the  canal  was  cross  sectioned  for  the  purpose  of  finding 
tiie  fill  or  change  and  the  true  sections  on  which  to  base  the  estimate  for  the  pre- 
sent season's  work. 

The  fills  were  found  to  be  as  shown  in  the  following  table,  the  volumes  being 
obtained  by  the  method  of  average  end  areas. 

BNO  91 ^228 


40- 
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Estimate  of  material  to  be  moved  during  1891  in   Vicksburg  Harbor,  canal  and  boHn 

cut  to  -^3  feet  on  the  gauge. 


Base  of  canal 100  feet. 

Slope  bar  side 5  to  1 

Slope  land  side 3  to  1. 


Base  of  basin 800  feet. 

Slope  bar  side 5  to  1. 

Slope  land  side 3  to  1. 


Station. 


28. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
4». 
SO. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
69. 


+Areft. 


Sq.ft. 
0 
195 
280 
450 
257 
418 
ri20 
530 
575 
581 
563 
540 
532 
535 
450 
331 
228 
240 
315 
460 
040 
0 


Total 

Total  extra  yardage  in  situ,  due  to  deposit. 


—Area, 

Net 
area. 

Distance. 

Sq./t, 

FteL 

0 
98 

• 
97 

1,000 

111 

169 

100 

148 

302 

100 

68 

189 

100 

52 

366 

100 

47 

473 

100 

4 

526 

•   100 

22 

553 

100 

46 

535 

100 

36 

527 

100 

5 

535 

100 

37 

496 

100 

45 

490 

100 

155 

295 

100 

40 

290 

100 

140 

88 

100 

20 

220 

100 

115 

200 

200 

200 

260 

100 

46 

'  595 

100 

0 

0 

100 

Oiibio 
feet. 


48,500 
13,300 
23,550 
24,550 
27,750 
41,950 
49,950 
53,950 
54,400 
53,100 
54,400 
51,500 
49,250 
30,250 
20,250 
18,900 
15,400 
21,000 
23,000 
42,750 
29,750 


Cable 
yaids. 


765,450 


28,350 
28,350 


Total  extra  yardage  in  scows  clue  to  deposit,  28,35(H-16  per  cent.  =  32,886. 

The  estimated  yardage  to  be  moved  from  last  fairs  sonndinsB  in  situ =481,399 
cnbic  yards  -f  16  per  cent.  =558,423  in  scows.  This  with  32,886  added =591,309  cubic 
yards  measured  in  scows. 

The  next  table  shows  the  deposit  iu  canal  and  basin  since  1890,  and  amount  to  be 
dredged  to  the  different  nonzontal  planes,  slopes,  and  base  as  heretofore.  The 
partial  volumes  are  added  algebraically  to  the  volume  at  ihe  4-3-foot  plane  to  obtain 
the  deposits  to  the  different  planes.  Minus  signs  denote  that  the  bed  has  been  cut 
away  and  the  plus  denote  deposit. 
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The  totals  to  be  dredged,  in  accordance  with  the  soundings  made  in  1891,  are  as 
follows : 


Horlsontal  plane. 


Ibiaita. 


Insoows. 


+  3-foot  plane 
-I-  2-foot  plane 
4-  1-foot  piano 
4-  0-foot  plane 
—  5- foot  plane 
— 10-foot  plane 


Cu.  yardt, 

609,747 
588,887 
670.206 
757,036 
1, 226, 216 
1, 742, 005 


(hi.  yardt. 
501.300 
683,108 
777,544 
878,155 
1,422,410 
2,020,725 


The  AH  dne  to  deposit  during  the  year  has  been,  estimating  to  the  —10-foot  plane,  26,503  yards. 

The  $75,000  allotted  for  the  present  season's  work  I  have  divided  in  my  estimate 
as  follows: 

To  cut  the  canal  and  basin  to  the  8-foot  plane  it  will  be  necessary  to  move  591,309 
cubic  yards  of  material  meaanred  in  scows,  at  11.9  cents  per  cubic  yard  (it  all  being 
short  haul),  we  have : 

To  cut  to -f  3-foot  plane $70,365.77 

Inspection  and  office  expenses,  10  months,  at  $450 4, 500. 00 

Incidentals ". 134.23 

Total 75,000.00 

The  dredge  Hemdon  arrived  here  and  commenced  work  March  4.  Up  to  the 
16th  she  only  worked  one  crew,  but  the  amount  of  excavation  being  so  far  below  the 
required  average,  a  double  watch  was  placed  on  her.  As  heretofore,  inspectors  meas- 
ure the  yardage  on  each  scow  and  sound  the  cut,  keeping  accurate  records  of  all  the 
operations  and  soundings. 

The  material  dredged  is  being  placed  along  the  old  dam,  closing  lake  near  Speng- 
ler's  Mill,  and  dump  watchmen  are  employed  day  and  night  to  regulate  position  of 
each  dump,  to  insure  if  possible  an  even  surface  to  earthen  dam. 

The  material  moved  to  May  1  is  as  follows : 

Dredge  Hemdon  moved  from  canal. 

Cubic  yanls. 

March,  1891 49,  .532 

April,  1891 58,598 

Total,  in  scows 108,130 

All  short  haul,  at  11.9  cents  per  yard.  This  has  been  paid  for  on  monthly  esti- 
mates, 10  per  cent  being  retained. 

A  table  of  the  currents  in  the  canal  from  the  beginning  of  this  season's  work  to 
date,  the  velocities  being  obtained  by  running  submerged  floats,  is  submitted  as 
follows : 

Tahle  of  velocities  of  current  and  its  direction,  taken  near  mouth  of  canal  (Range  46) 

during  months  of  March,  April,  and  May,  1891, 


Mar. 


2. 
3. 
4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
18. 
14 


Date. 


43.8 
44.0 
44.3 
44.6 
44.8 
45.3 
Sunday 
46.  U 
46.1 
46.4 
40.6 
46.0 
47.1 

15 Sunrtay , 

16 47.4 


Gauge. 


Change. 


+0.3 
+  .2 
+  .3 
+  .6 
+  .2 
+  .5 


f  .7 
+  .1 
+  .3 
+  .2 
+  .8 
+  .2 


+  .8 


Velocity  per  second. 


1.173  running  in .. 
1.173  running  in.. 

Imperceptible 

....do 

. . .  .do 

Slightly  out 

do 

1. 100  running  out. 
0. 880  running  out. 
1.320  running  out. 
1.467  running  oat. 
1.630  running  out. 


No  obaexratioii . . . 


>  Water  muddy. 
}  Water  ol««tag. 


Water  olMr. 
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Table  0/ velocities  of  cwreni  and  its  direction,  etc. — Continued. 


I>ate. 


Mar.17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Apr.  1 

2..T 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

2i 

25 

28 

.     27 

28..^ 

29 

30 

May  1 

2 

3 

4 

5 

6 

7 .. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

-     20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Gauge. 


47.5 
47.0 
47.7 
47.7 
47.8 

Snnday . 
47.7 
47.7 
47.75 
47.8 
47.8 
47.8 

Sunday . 
47.85 
48.0 
48.0 
48.1 
48.1 
48.1 
48.0 
48.0 
48.0 
4a  0 
47.95 
47.0 
47.9 
47.9 
47.8 
47.76 
47.7 
47.65 
47.6 
47.6 
47.46 
47.4 
47.4 
47.4 
47.45 
47.45 
47.4 
47.4 
47.45 
47.46 
47.0 
47.35 
47.3 
47.25 
47.16 
47.0 
46.83 
40.55 
46.2 
45.8 
45.4 
44.8 
44.2 
43.6 
42.8 
42.0 
41.0 
39.8 
38.4 
37.0 
3.5.5 
33.5 
31.8 
30.6 
29.0 
27.3 
25.6 
24.1 
22.5 
21.7 
20.5 
19.5 
18.8 


Change. 


+  .1 

+  .1 

+  .1 

.0 

+  .1 


Velocity  per  second, 


-  .1 

.0 

+  .05 

+  .05 

.0 

.0 


+  .05 

+  .15 

.0 

+  .1 

.0 

.0 

-  .1 
.0 
.0 
.0 

-  .05 

-  .05 
.0 
.0 

-  .1 

-  .05 

-  .06 

-  .06 

-  .05 

-  .1 

-  .05 

-  .06 
.0 
.0 

+  .06 
.0 

-  .5 
.0 

+  .05 
.0 

-  .05 

-  .05 


L  467  running  out. 
1. 639  running  out. 
1. 467  running  out. 
2. 200  running  out. 
2. 514  running  out. 


1. 833  running  out . 
1. 956runningout. 
1. 173  running  out. 
2. 000  running  out . 
2.  OOOrunningoni. 
2. 200  running  out. 


No  observation  ... 
2. 493  running  out. 
No  observation  . . . 
1. 724  running  out. 
2. 286  running  out. 
2. 600  running  out. 

Sunday  

1. 622  running  out. 
1. 622  running  out. 
2. 143  running  out. 
1. 666  running  out. 
2. 055  running  out. 
2. 174  running  out. 

Sunday 

2. 027  running  out. 
1. 685  mnning  out. 
1.818  running  out.. 
2.083  mnning  out. . 
2.324  running  out.. 
2. 255  numing  out. . 

Sunday , 

1.905  running  out. . 
1.807  running  out. 
1.923  running  out. 
2.112  running  out. 
2.041  running  out. 
2.112  running  out. 

Sunday 

2.666  running  out. 
2.666  mnning  out. 
2.143  mnning  out. 
1.852  running  out. 

Current  out 

2.041  running  oat. 


2.225  mnning  out. 
2.091  running  out. 

Current  out 

1.579  mnning  out. 
1.177  running  out. 
0. 870  running  out. 

Current  out 

0. 100  running  out. 
0. 741  nimiing  out. 

InipercepHblo 

0.300  niuuingin  .. 
1.000  running  in  .. 
0. 607  running  in  . . 
Sliglitly  out 

V/t}o'.\'.^\\'.'.\V.. 

0.417 

0.400 

Imperceptible  — 

//.Ao^V^'.'.'.'.'.'.y. 

...do 

Very  slightly  out. 
— i{o 


do 

do 

do 

.do 


Water  clear. 


.  > 


The  variations  in  veloci- 
ties are  in  great  part 
due  to  dinerene«  in 
direction  and  t'ovco  of 
wind. 


Water  clear. 


Current  in  great  part 
due  to  overflow  water 
from  Yazoo  swamp. 


Water  in  canal  dear. 


Slight   current  partly 
due  to  wind. 


Water  in  canal  dear. 
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I  will  8tate  here  in  connection  with  the  harbor  work  that  I  am  indebted  to  Mr.  L. 
C.J.  Baily,  jr.,  asfftutaut  engineer,  for  valuable  services  rendered  in  making  ealcula- 
tione,  drafting,  and  other  duties  })erformed. 

GRKKKyU.T.E,  MISSISSIPPI. 

The  object  of  the  work  undertaken  at  Greenville  has  been  to  prevent  the  city 
front  from  caving  into  the  river.  In  1887-88  ten  submerged  spur  dikes  were  con- 
structed in  front  of  the  town  at  a  distance  apart  of  500  feet.  In  1889  two  spur  dikea 
were  constructed  above  these,  as  shown  on  accompanying  map.    These  dikes  tern- 

Borarily  stopped  the  caving  along  the  city  front,  but  the  destruction  continued  in 
lachelor  Bend,  above  the  town,  the  river  eating  into  the  bank  until  the  part  pro- 
tected formed  a  salient  projecting  into  the  river.  During  the  last  freshet  the  nver 
cut  across  this  salient,  aestroying  the  two  spurs  constructed  in  1889,  and  flankin^^ 
the  upper  two  of  the  series  of  1887  and  1888. 

The  following  extract  from  the  report  of  Assistant  Engineer  Arthur  Hider  gives 
the  condition  of  the  work  on  June  1, 1891 : 

EXTRACT  FROM  REPORT  OF  ASSISTANT  ENGINEER  ARTHUR  HIDER. 

The  caving  in  the  bend  above  and  in  front  of  the  un^er  part  of  the  town  of 
Greenville  has  been  almost  unprecedented  during  the  late  high  water. 

First,  the  upper  dike  was  washed  away  and  a  few  weeks  afterwards  the  second 
dike  was  destroyed  by  the  caving  back  of  the  bank  in  its  rear.  With  these  imped- 
iments removed  the  bend,  which  during  the  last  3  years  had  assumed  an  abnormal 
shape  above,,  rapidly  began  to  regain  its  natural  form.  This  was  not  accomplished 
until  the  bank  in  front  of  where  Dikes  No.  1  and  2  stood  had  caved  back  from  800  to 
900  feet,  carrying  with  it  the  main  levee  and  two  protection  levees,  which  were 
afterwards  built  in  the  rear,  this  caving  extending  downstream,  cutting  behind 
dikes  4i  and  5|. 

At  Dike  1  the  caving  was  820  feet ;  at  Dike  2  the  caving  was  900  feet ;  at  Dike  4^ 
the  caving  was  350  feet;  at  Dike  5^^  the  caving  was  250  feet. 

Above  Dike  No.  1  the  caving  gradually  decreased  in  depth,  but  extended  up  into 
the  bend  a  distance  of  about  3  miles. 

The  conditions  here  are  such  as  to  demand  an  early  and  active  resumption  of 
work.  The  funds  now  available  are  sufficient  to  complete  about  6,500  linear  feet  of 
work  similar  to  that  done  at  Ashbrook  Neck  the  past  season. 

This  is  probably  all  the  work  that  can  be  done  the  present  season. 

To  be^m  work  at  Dike  5^  and  extend  the  improvement  up  in  the  bend  as  far  as  the 
frinds  will  allow  will  take  the  revetment  to  Range  13  and  still  leave  the  upper  part 
of  the  bend  unprotected. 

To  place  the  work  where,  from  the  configuration  of  the  shore  line  and  the  general 
direction  of  the  current  would  indicate  the  point  of  most  violent  attack,  the  next 
high  water  would  leave  from  6,500  to  7,000  feet  between  the  lower  end  of  the  pro- 
posed new  work  and  Dike  5^  unprotected,  with  danger  of  serious  caving  alon^  the 
unprotected  bank.  Under  all  the  circumstances  and  the  interests  involved  it  will  be 
advisable,  perhaps,  to  begin  at  Dike  5i  and  continue  up  to  Range  13  rather  than  risk 
the  danger  of  an  attack  both  at,  above,  and  below  the  proposed  work. 

Outside  of  the  property  interests  involved  in  the  recent  disastrous  caving  it  is 
thought  that  the  shape  of  the  bend  altove  is  in  better  shape  for  permanent  improve- 
ment  than  heretofore. 

The  recent  survey  of  this  locality  is  shown  on  Plate  2. 

Work  will  be  resumed  at  this  locality  as  soon  as  the  river  has  fallen  sufficiently  to 
enable  revetment  to  be  constructed. 

The  project  for  this  work,  previously  submitted  and  approved,  will  require  to  be 
materially  modified  to  meet  the  changes  caused  by  the  last  freshet. 

LAKE  BOLIVAR  FRONT. 

The  object  of  this  improvement  was  to  stop  the  caving  of  the  bank  in  front  of  the 
large  levee  across  the  end  of  Lake  Bolivar,  which  was  threatened  by  the  rapid  en- 
croachment of  the  river. 

Four  thousand  four  hundred  feet  of  revetmenl^as  constructed  in  1888-^89,  as  de- 
scribed in  the  report  of  the  Chief  of  Engineers  for  1889,  page  2,704,  along  a  portion  of 
which  the  mats  were  but  180  feet  wide.    This  section  was  strengthened  in  1889-'90. 

The  present  condition  of  the  work  is  shown  in  the  following  extract  from  the  report 
of  Assistant  Engineer  Arthur  Hider,  with  whose  recommendation  that  no  work  be 
done  at  this  locality  during  the  present  season  I  concur. 
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KXTRACT  FROM  REPORT  OF  ASSISTANT    ENGINEER  ARTHUR  HIDER. 

The  work  done  in  protecting  the  bauk  in  front  of  the  important  levee  crossing 
Liake  Boliver  remains  in  good  condition. 

Below  the  end  of  the  revetment  work  the  caving  has  oontinned  for  the  distouce 
of  li  nules  to  Buck  Ridge  Landing,  rendering  necessary  the  constmction  of  a  new 
line  of  levees. 

The  hydrographio  survey  Jnst  completed  shows  that  little  or  no  change  has  taken 

5 lace  in  the  river  channel  except  that  the  set  of  tfie  current,  which  was  formerly 
irectly  towards  Lake  Bolivar  lianding,  threatening  the  levee  crossing  Lake  Bolivar, 
lias  now  moved  further  down,  rendering  further  apprehension  for  the  future  safety 
of  this  important  levee  needless. 

A  continuation  of  the  revetment  work  further  downstream  would  be  desirable, 
but  on  account  of  more  pressing  necessity  for  immediate  work  at  Ashbrook  Neck, 
Greenville,  and  Louisiana  Bend,  which  will  tax  the  resources  and  capacity  of  the 
available  plant  to  the  utmost,  no  work  is  recommended  at  this  particular  locality 
the  present  season. 

A8HBROOK  NECK. 

The  object  of  this  improvement  is  to  prevent  the  river  cutting  through  the  neck, 
whieh  at  its  tuucrowest  point  is  only  2,300  feet  wide,  and  thus  forming  a  cut-off.  An 
allotment  of  $300^000  was  made  for  this  work  in  1890.  The  original  project,  ap- 
proved by  the  MissiBsipni  River  Commission,  recommended  the  construction  of  a 
aeries  of  spor  dikes  on  tne  upper  end  of  the  neck  similar  to  those  constructed  at 
Greenville. 

After  work  was  begun  under  this  project,  and  two  spurs  partially  constructed,  the 
commission  visited  the  work  and  modified  the  project  to  that  of  a  continuous  revet- 
ment. 

After  this  change  work  was  resumed,  the  bank  for  a  distance  of  6,000  feet  was 
cleared  of  timber,  1,200  feet  of  the  bank  was  graded,  and  2,820  feet  revetted  at  a  cost 
of  $30.42  per  lineal  foot. 

To  check  the  flow  of  water  that  passes  over  this  neck  and  might  precipitate  a  cut- 
off, two  slashings  were  made  parallel  to  the  axis  of  the  neck,  one  7,000  feet  long,  the 
other  6,400  feet,  and  extending  from  some  heavy  timber  to  an  old  levee,  which  croHses 
the  neck  about  1,000  feet  below  its  narrowest  part.  The  saplings  and  small  Inrush 
were  cut  6  feet  from  the  ground,  and  the  stumps  wattled  so  as  to  form  hurdles,  which 
have  retarded  the  flow  or  water  and  caused  a  considerable  deposit  of  sand. 

While  these  hurdles  have  answered  the  purpose  for  wbich  they  were  constructed, 
for  the  present  season,  I  consider  them  of  too  flimsy  a  character  and  too  liable  to  de- 
siraction  and  decay  to  be  relied  upon  for  any  permanent  protection  during  severe 
freshets. 

It  ia  recommended  that  they  be  replaced  by  a  strong  levee. 

Work  will  be  resumed  at  this  locality  as  soon  as  the  river  has  fallen  sufficiently  to 
enable  revetment  to  be  constructed. 

The  details  of  construction  and  the  present  condition  of  the  work  will  be  found  fully 
explained  in  the  accompanying  report  of  Assistant  Engineer  Arthur  Hider,  who  has 
been  in  local  charge. 

XXTRACT  FROM  REPORT  OF  ASSISTANT  KKOINBER  ARTHUR  HIDER. 

The  following  report  of  operations  at  Greorgetown  Bend  is  respectfully  submitted. 
The  original  project  for  this  improvement  adopted  by  the  Mississippi  River  Commis- 
sion to  prevent  the  river  cutting  through  Asnbrook  Neck,  wh'icli  at  its  narrowest 
point  is  only  2,300  feet  across,  was  the  construction  of  a  series  of  spur  dikes  on  the 
upper  side  of  the  neck  similar  to  those  in  ftont  of  Greenville. 

"  These  spurs  to  be  built  of  brush  and  stcme,  each  dike  renting  on  a  foot  mat  200 
feet  in  length  and  extending  out  into  the  river  from  300  to  350  feet,  the  spurs  where 
the^  caving  was  most  active  to  be  located  not  more  than  500  feet  apart ;  on  the  re- 
aaining  portions  of  the  bank,  the  distance  between  spurs  to  be  increased  at  the  dis- 
cretion of  the  officer  in  charge.^' 
A  survey  of  the  locality  was  made  and  a  plan  prepared,  and  submitted  on  October 
6^  1890;  for  the  construction  of  seventeen  spurs,  protecting  about  8,500  linear  feet  of 
he  bend  where  the  caving  was  most  rapid  and  shielding  the  narrowest  part  of  the 
leck. 
It  was  expected  to  finish  ten  of  these  before  the  annual  rise  set  in,  and  the  remaiu- 
er  the  next  low-water  season. 

To  carry  out  this  project  a  party  was  organized  October  27,  1896,  to  load  st4>ne  on 

arges  for  this  work  from  the  reserve  at  Arkansas  City.    Another  party  was  organ- 

ed  on  November  1,  part  of  the  plant  towed  from  Qreenville,  and  work  begun  clear- 
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ing  the  bank  of  briuih  and  trees,  gettine  the  boats  in  position  preparatory  to  begin- 
ning mat  building.  On  November  7,  the  hydraulic  grader  began  work,  and  on  the 
8thy  the  building  of  foundation  mat  for  dike  No.  8  was  commenced ;  brush  inras  re- 
ceived from  the  contractors  on  the  10th. 

The  foundation  mat  for  Dike  No.  8  was  sunk  in  place,  the  construction  of  the  crib 
be^nin,  and  the  foundation  mat  for  Dike  No.  10  completed  when  the  Commission  vis- 
ited the  work  on  Noyember  24,  and  modified  the  plan  from  that  of  detached  spurs  to 
that  of  continuous  revetment;  ''the  submerged  mattresses  to  have  a  width  below 
low  water  of  from  250  to  300  feet,  according  to  locality ;  tho  bank  above  low  water 
to  be  graded  before  placing  of  the  submerged  mattresses,  and  to  be  covered  ^with  a 
layer  of  riprap  about  10  inches  thick  to  a  height  of  about  the  two-thirds  full  stage; 
two  or  more  slashings  not  less  than  30  feet  wide,  each  to  be  made  along  the  axis  of 
the  neck,  the  saplings  to  be  cut  off  at  a  height  of  about  6  feet  from  the  ground  and 
the  tops  carefully  wattled  among  the  stumps.  For  this  season's  work  tne  point  at 
which  the  upstream  spur  was  begun  to  be  retained  as  the  origin  of  the  work ;  the 
work  to  be  extended  downstream  a  distance  of  6,000  feet  at  the  earliest  practicable 
moment,  and  subsequently  extended  both  upstream  and  downstream  as  neceaaity 
may  require."     . 

In  accordance  with  this  modified  project  the  revetment  was  made  continuons  by 
bulldinff  mats  350  feet  wide  between  the  foundation  mats  for  the  dikes  already  con- 
structed. 

Clearing, — ^The  bank  for  a  distance  of  6,000  feet  from  the  upper  end  where  work 
w  as  begun  was  cleared  of  all  brush,  trees,  and  logs  for  a  distance  back  of  230  feet ;  saoh 
of  the  brush  and  poles  as  were  suitable  were  utilized  in  the  work  as  it  progreased. 
The  large  timber  where  liable  to  cave  in  the  river,  form  snagi,  and  obstruct  next 
season's  work  was  cut  down ;  in  all,  about  31^  acres  was  cleared. 

Oradinq, — ^The  bank  at  the  upper  end  of  the  work  is  nearly  all  sand,  and  continned 
caving  while  the  mattress  work  was  in  progress. 

Advantage  was  taken  of  the  low  stage  in  the  early  part  of  December  to  regrade 
the  lower  part  of  the  slope  which  had  been  previously  graded  at  a  higher  stage  of 
water. 

At  some  points  the  sand  caved  so  rapidly  while  the  hydraulic  grader  was  at  work 
that  hand  grading  had  to  be  resorted  to  to  bring  the  upjier  bank  to  the  proper  slope, 
which  varies  from  I  on  3  to  1  on  5.  A  single  jet  was  used,  hose  4  Inches  diameter, 
nozzle  li  inches  and  1}  inches,  pump  pressure  160 pounds,  steam  pressure  80  pounds. 

The  light  character  of  the  soil,  and  the  rapid  current  setting  straight  into  tfa^ 
bank,  caused  a  great  deal  of  caving,  and  rendered  necessary  a  large  amount  of  re- 
grading,  besides  the  building  of  two  large  shore  mats  to  connect  tiae  mattress  work 
with  that  of  the  upper  bank. 

Grading  began  November  7,  and  was  finished  for  the  season  January  5,  1891 :  the 
^ader  was  in  service  50  days  and  graded  3,200  linear  feet  of  bank,  from  25  to  90  feet 
in  height,  an  average  of  64  linear  teet  for  each  working  day. 

Spur-dike  and  mattress  oonstTruotUm. — But  one  spur  dike  was  put  in,  owing  to  the 
modification  in  the  plan ;  this  consisted  of  a  single  crib  of  standard  construotion, 
except  that  the  frame  was  made  of  gum-lumber  posts  3  b^  4  by  7  inches.  Bottom 
and  top  frames  2  by  6  inches  by  16  feet  fastened  at  the  Joints  with  |-inch  carriage 
bolts.  This  crib  was  210  by  32  by  7  feet,  and  located  at  the  beginning  of  the  worK, 
and  rested  on  a  foundation  mat  200  feet  in  length  by  345  feet  wide,  tne  foundation 
was  built  and  sunk  in  place  before  the  change  was  made  to  continuous  revetaient. 
Both  of  these  foundation  mats  were  utilized  as  parts  of  the  continuous  revetment, 
by  filling  up  the  space  between  them,  with  other  mats  300  feet  wide. 

The  work  of  building  the  wide  300-foot  mats  was  continued  until  January  2, 1891, 
when  it  was  deemed  aovisable  to  stop  mattress  construction  and  finish  up  complete 
the  upper  bank  Revetment,  as  the  river  was  rising  rapidly  above  and  a  threatened 
rise  of  some  20  feet  was  expected. 

The  river  actually  rose  from  December  28  to  January  17,  19|Vfeet.  By  the  time  the 
npV>er  revetment  work  was  finished,  it  became  evident  that  it  would  be  unsafe  and 
extremely  hazardous  to  undertake  the  further  continuance  of  the  construction  of 
the  300-foot  mats  in  the  rapid  current  that  developed  and  subject  to  the  dangers 
from  drift. 

In  accordance  with  your  instructions  and  in  order  to  utilize  the  brush  and  poles 
on  hand,  as  the  upper  bank  had  already  been  graded,  a  mattress  the  width  of  one 
mattress  boat  (180  feet)  was  built  500  feet  long  and  sunk  in  place. 

The  remainder  of  the  brush  and  poles  not  used,  was  unloaded  from  the  barges,  and 
what  stone  remained  was  unloaded  on  the  bank  about  1  mile  above  Offntt  Landing, 
for  use  the  next  season. 

To  check  the  flow  of  water  that  passes  over  this  narrow  neck  at  flood  stages  and 
to  prevent  the  fofmation  of  channels  which  might  precipitate  a  cut-off,  two  slash- 
ings approximately  parallel  with  the  axis  of  the  neck,  were  mode,  begiuuiug  at  an 
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oM  levee  that  crosses  the  neck  about  1,000  feet  below  the  narrowest  part,  and  ex- 
tending into  the  large  timber  above. 

The  one  nearest  the  upper  side  is  about  900  feet  from  the  river  at  the  narrowest 
point,  and  7,000  feet  in  length ;  the  other  is  500  feet  from  the  river  on  the  lower  side 
snd  6,400  feet  in  length ;  the  distance  between  the  two  lines  of  hurdles  is  about  900 

JDvV. 

The  saplings  and  small  brush  were  cut  off  about  6  feet  from  the  ground,  and  the 
tops  osea  in  wattling  between  the  stumps. 

Where  there  were  no  trees,  posts  were  set  in  the  ground,  all  ditches  and  gullies 
crossing  the  neck  were  obstructed  by  buildiiTg  earthen  dams  across  them  at  intervals. 

Below  is  s  statement  showing  the  amount  of  completed  work : 


Main  roattreas  built : 

No.l 200by345 

2 200by345 

3 728bT800 

4 515by800 

5 !  373  by  300 

6 520by300 

7 500byl80 


Total  lineal  feet. 

Shore  mat  built: 

No.l 

2 

3 


Total  lineal  feet. 


Upper  bank  revetment: 


Total  squares  of  re- 
vetment   


Squares. 


690.00 
090.00 
2,184.00 
1,545.00 
1,  U9. 00 
1,560.00 
900.00 


8,036  >      8,688.00 


220  by  35 
280  by  108 
480  by   50 


080 


2820  by  65.3         1,842.60 


77.00 
302.40 
240.00 


619.40 


11,160.00 


Tlie  actual  length  of  bank  covered  with  revetment  and  subaqueous  mattress  was 
2,820  linear  feet,  216  linear  feet  being  taken  up  by  overlapping  of  mattresses. 

The  amount  of  brush  used  per  square  of  completed  revetment  work  was :  Brush 
0.708  cord:  poles,  0.136  cord,  total  brush  and  poles  per  square,  0.84  cord. 

The  amount  of  stone  used  per  square  of  completed  work  was  1.08  cubic  yanls. 

Crib  work, 

210  by  32  by  7  feet. 
30  by  16  by  3.6  feet cubic  feet..  51,560 

The  amount  of  material  used  was  200  cords  of  poloH  and  180  cubic  yards  of  stone. 

Grading, 

3,200  linear  feet  of  bank  from  25  to  30  fecthigh. 

Clearing, 

6,000  by  230  feet acres..  31.6 

Hurdling, 
13,400  by  6 squares..  804 

he  amount  and  value  of  muter ial  expended  is  iis  follows: 

B    ish  (7,901.1  cords) $8,128.63 

P    es  (1,722.8  cords) 3,296.15 

8    le  (12,184.8  cubic  yards) 27,507.48 

^     e  cable,  three-eighths-inch  diamotor  (8,700  pouiidH) 939. 60 

^     e  cable,  three-eighths-inoh  diameter  (50,284  pounds) 1, 996. 60 

V     e,  galvanized,  (92,016  pounds) 3,184.28 

»     :es  (16,740  pounds) 645.08 
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Coal $3,266.85 

Oil 259.14 

MedicineM 114. 57 

Lumber 494.  80 

Cleviaea 67.50 

Bolts 46.56 

Supplied 114.09 

Permaueut  8Upplief4  ( one-half  cost  charged) 513. 87 

Rope  (oue-half  cost  charged) 950.  07 

51,534.26 

Labor  (pay  rolls) •. $28,425.27 

Subsistence  stores 6, 765. 84 

35, 191. 11 

Traveling  expenses  and  transportiition ' 282. 21 

Office  expenses  (Memphis) 195. 78 

Total 87,203.36 

Deducting  the  cost  of  13,400  linear  feet  hurdling  6  feet  high, 
built  on  the  neck,  parallel  with  the  axis,  804  squares,  jat 

$1.19 955.40 

1,821  cubic  yards  stone,  unloaded  on  bank  for  next  season's 

work,  at  25  cents 455. 25 

1,410.65 

'     Leaving  the  cost  of  the  revetment  work 85, 792. 71 

^    X  ^  ,  X   ,        ^    $85,792.71      ^  ^ 

Cost  per  square  of  completeil  work,      ^  i  T50~  ~  $• 'O^. 

$85  792.71 
Cost  per  linear  foot  of  completed  work,  — J  820     ~  ^30.42. 

The  percentage  of  the  cost  of  the  different  items  is : 


Materials  and  Huppliea 

Towage 

Labor 

Subsistence 

Office  and  traveling  expt^nses 
Superintendence 

Total 


Value. 


$48,267.41 

55.36 

6, 115. 04 

7.01 

22,680.61 

26.01 

8,224.64 

9.43 

361.50 

0.41 

1, 554. 17 

.......... 

1 

Percent. 


87, 203. 36 


100.00 


The  extreme  width  (300  feet)  was  a<lopt4Ml  for  the  subaqueous  mattress,  as  at  the 
point  where  the  work  wns  done  the  current  at  midstage  set  directly  into  the  bank. 

It  is  thought  that  the  place  of  greatest  danger,  and  where  the  caving  was  the 
most  active,  is  protected  by  the  work  done  last  season,  but  it  is  absolat«ly  necessary 
to  supplement  this  by  continuing  the  improvement  both  above  and  below  during 
the  next  low- water  season,  to  render  the  improvement  permanent. 


The  work  put  in  last  season  has  stood  the  past  flood  remarkably  well.    The  Im- 

Erovement  was  begun  very  late  in  the  season,  November  1,  and  was  stopped  by  the 
igh  stage  of  the  river  January  17,  1891,  when  only  2,820  feet  of  revetment  had  been 
complete<l.  Five  hundred  feet  of  this  at  the  lower  end,  on  account  of  the  swift  cur- 
rent, drift,  and  other  difficulties  peculiar  to  this  class  of  work  at  high  stages,  was 
necessarily  constructed  with  a  narrow  mattress  180  feet  wide,  which  only  partially 
protected  the  foot  of  the  bank. 

This  part  of  the  work  has  settled,  due  to  scour  under  the  outer  edge  of  the  mat, 
which  under  the  circumstances  of  the  case  was  of  inadequate  width,  but  the  best 
that  could  be  done. 
The  rest  of  the  revetment  is  intact  and  in  good  condition. 

The  entire  work  was  subjected  to  an  enormous  and  unusual  strain,  due  to  its  lo- 
cation.   It  was  located  so  as  to  shield  the  narrowest  part  of  the  neck,  where  the 
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ffrvin^  had  been  the  most  active  and  the  over  ponr  across  the  narrow  part  the 
greatest. 

Under  these  circnnistanoes  the  results  attained  are  ext^remely  gratifying. 

Work  should  he  continued  on  this  improvement,  both  at  the  upper  and  lower  end, 
M  soofn  as  practicable;  so  as  to  finish  the  contemplated  extension  the  present  season. 

Even  this  accomplished^  it  may  be  necessary  to  revet  the  imder  side  of  the  penin- 
nda,  as  the  recession  the  of  bank  in  Rowdy  Bend  below  Gaines  Landing  indicates 
that  an  attack  will  next  be  made  here,  cauised  by  the  current  being  deflected  across 
from  the  Arkansas  side  to  the  lower  side  of  the  neck. 

Tl^B  two  lines  of  brush  hurdles  placed  parallel  with  the  axis  of  the  neck  offered 
eonaiderable  resistance  to  the  flow  of  water  at  high  stages  across  the  neck,  and  where 
protected  by  undergro¥rth  remained  standing  and  caused  a  very  considerable  de- 
posit at  places.  In  this  connection  it  may  be  said  that  a  levee  running  down  the 
middle  of  the  neck,  built  above  the  high-water  line,  as  originally  recommended, 
would  probably  sive  better  results. 

The  current  induced  by  the  difference  of  slope  between  the  river  on  the  upper  and 
lower  side  of  the  neck,  which  is  only  2,150  &et  across,  while  the  distance  around 
is  8  miles,  is  sufficient  to  lead  to  serious  apprehension  that  a  chumel  may  form  and 
a  cut-off  be  precipitated  thereby  during  high  water  unless  this  flow  is  checked. 

The  hurdles  buut  are  to  a  certain  extent  efficacious,  but  it  is  doubted  if  they  pre- 
Kiit  a  sufficient  obstacle  to  prevent  all  danger  from  this  cause. 

Plate  1  shows  the  present  condition  of  this  improvement. 

LEVEKS. 

Plates  4  and  5  are  profiles  showing  the  heights  of  levees  in  the  Third  District  in 
18S0  and  1891,  and  the  flood  heights  of  1882, 1890,  and  1891. 

Tables  accompanying  this  report  give  the  yardage  and  cost  of  the  levees  con- 
structed by  the  United  States  in  the  district  to  January  1,  1891. 

Under  the  river  and  harbor  act  approved  September  19, 1890,  the  Mississippi  River 
Commission  made  the  following  allotments  for  levees  in  Third  District,  of  which  5  per 
eent.  was  to  be  retained  for  high- water  protection : 

Levees,  Lower  Mississippi  Levee  District $198^  000 

Levees,  Tensas  Basin,  Tnird  District  in  Arkansas 190,000 

Levees,  Tensas  Basin,  Third  District  in  Louisiana 95, 000 

Under  these  allotments  proposals  were  invited  for  building  levees  November  8, 
1890,  and  oi>ened  November  18, 1890. 
The  following  is  an  abstract  of  the  bids  received: 

Abstract  of  proposals  far  enlargement  of  levees,  Lower  Mississippi  Levee  IHsiriot 
[Beoeived  and  opened  by  Capt.  S.  W.  Boewler,  Corps  of  Engineers,  November  18, 1890.] 


Ko. 


2 

4 
5 
ft 

8 
U 
17 
IB 
S 


Ifame  of  bidder. 


A.  Arnold 

Ernest  Hvnor 

P.l^.Lanib 

Harvey  J;^  Scott... 
W.L.fclllebrew... 
Robert  Johnaun . . . 

A«  B.  Fudge 

Carey  Broa 

Timothy  Sallivan. 


Timber- 
Uketo 
Fort  An- 
derson. 


26 

24 

30 

*22 


33 


27 


Port  An- 
derson to 
Offutt. 


25 
26 
22 


28 

*22 
28 


Offutt 
Front 


Skipwith. 


29 


»28 


30 


Longwood. 


Clover 
HllL 


38 


344 


^30 


»21 


*  Contract  made. 
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Abstract  of  proposals  for  constraoiion  and  repair  of  levees,  Tensas  Basin,  in  Arkansas, 
( Received  and  opened  by  Capt.  S.  W.  Roeasler,  Corp«  of  Engineers,  November  18, 1890.] 


Kamo. 

Brooks* 
Held. 

Boggy 
Biiyou 

Lucca  Loop. 

Luna. 

Colum- 
bia. 

Leland. 

Sunny* 
side. 

So. 

Long 
time. 

Short 
time. 

1 

Flynn  &  De  Garla 

Per  yd. 

Per  yd. 

Per  yd. 
$0.22| 
.22 

Per  yd. 
$0.41 
.27 

Per  yd. 

Per  yd. 

Per  yd. 

Per  yd, 

♦o.iq 

.17 

2 

A.  Arnold 

$0.29 

$0.22 

$0.21 

10.22 
.22 

3 

Levi  W.  Webb 

4 

Kmeat  Hyner 

.17 

6 

P.F.Lamb 

.28 
.201 

.23 
.20 

.171 
.20 

.ITi 
.17* 

e 

7 

Harvey  &  Soott 

Hogan  St  Buchanan 

$0.28 

.29 

.20 

8 

W.X.  Killebrew 

.20^ 

.19 

9 

J.  8.  Gant 

.24» 

.23 

.23 

.181 

11 

J.  M.  Whitehil! 

•.25  . 

.28 

M8i 
.19 

.28 

.25 

12 

B.  0.  AW.  S.  WitherH.. 

.21 
.26 

.19 
.241 

.18^ 
.22* 

.14 

18 

T.  S.  Aderholdt  &  Co 1 

14 

Kobert  Johnson 

.28^ 

.28^ 

.23J 

.35 
.33 

15 

Andrews  &  Ooden 

.1»«S 

.19k 

17 

A.  R.  Fudge 

*.24| 

■*****•■ 

18 

The  Sunnyaide  Co 

.191 

*  1« 

19 

Carey  Bros 

.27 
.28 

.19 
.21 

21 

Robert  E.Craig 

M9 

M8 

M7* 
-1 

.16 

'Contract  made. 


Abstract  of  proposals  for  construction  of  levees,  Tensas  Basin  Front,  in  Louisiana  (Elton), 
[Opened  by  Capt.  S.  W.  Roossler,  Corps  of  Engineers,  November  18, 1890.] 


No. 


2 
0 
10 
15 
16 
20 


Name  of  bidder. 


A.  Arnold 

Harvey  Sc  S<M»tt — 
Peter  Trezt-vant. . . 
Andrews  &.  Ogden. 
Edmund  P.  mite 
John  Scott  &  Son  . 


Per  yard. 


.M 
•.831 


*  Contract  made. 


LEVKKS,    LOWER  MISSISSIPPI  LEVEE  DISTRICT. 

The'levoe  section  gouorally  adopted  within  the  last  few  years  by  the  local  anther- 
ities  had  a  crown  of  &oin  4  to  6  feet,  slopes  from  1  on  2^  to  1  on  3,  and  a  narrow  berme 
on  the  river  side.  This  section  has  recently  been  increased  to  a  width  of  crown  of  8 
feet,  slopes  1  on  3,  and  a  berme  of  30  feet.  The  levees  constructed  during  the  la^t 
fiscal  year  by  the  United  States  have  conformed  to  these  dimensions. 

The  following  is  an  estimate  of  the  yardage  required  to  complete  the  levees  in  this 
district  as  estimated  by  the  Lower  Mississippi  Levee  Board  June  1, 1891 : 

Cnbic  yards. 
Amount  required  to  raise  levees  to  a  grade  equal  to  calculated  high  water 

of  1890 2,076,300 

To  1  foot  above 8,912,600 

To  2  feet  above 6,281,000 

To  3  feet  above 8,799,000 

From  these  estimates  arc  to  be  (Uulucted  the  yardage  put  up  since  January  1, 1891; 
by  the  United  States,  and  that  still  under  contract,  which  is  about  616,000  cubic 
yards. 

The  work  done  bv  the  Lower  Mississippi  Levee  Board  from  June  1,  1890,  to  Jan® 
1,  1891,  was  1,492,973  cubic  yards. 

In  the  following  table  is  given  a  list  of  the  levees  constructed  and  enlarged  by  the 
United  States,  and  their  cubic  yards  completed  during  the  fiscal  year  ending  Jud0 
1,  1891 : 
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Levee  enlargement  work,  Lower  I^eiseippi  le^ee  distriot,  under  oontraot  with  the  United 

States. 


Kanie  of  leree. 

Location 
oninohio 
mile  map. 

Length. 

Complete 

to  June  1, 

1801. 

Amount 
yet  to  do. 

Total 
quimtity. 

Contractors. 

TimlKrlake 

FcriAnderM)ii 

Qffnta  Front 

LoDi^woofl 

441-443  L 
443-444  L 
444-478  L 
502  L 
534  L 
528  L 
520  L 

F$et. 

10,025 

10,000 

72,265 

14,500 

6,570 

6,580 

5,641 

Ou.yds. 

34,880 

30,800 

321, 170 

61,825 

22,057 

7,305 

7,800 

Ou.ydt. 
14,620 
4,200 
33,112 

€fu.ydt. 
40,500 
35,000 
354,201 
61,825 
33,760 
43,043 
23,588 

Harvey  &  Scott. 
A.  R.  Fmlge. 
Harvey  &  Scott. 
Timothy  Sullivan. 
Do. 

Clover  Hill 

11,712 
36,548 
15,788 

Tipper  Skipwith.... 
Lover  Sklpwith 

Carey  &  Mima. 
L.  C.  Dulaney. 

Total -*... 

125,561 

485,036 

115,080 

601,016 

• 

In  addition  to  the  above,  the  United  States  has  bailt  two  loops  above  Greenville 
of  about  16j000  cubic  yards. 

The  contractors  were  generally  slow  In  beginning  operations  and  failed  to  bave  a 
nfficient  force  to  complete  l^eir  work  within  the  time  specified,  i.  e.,  Marcb  1, 181)1. 

In  January  and  February  an  extra  force  was  employed  by  the  General  Government 
on  the  Port  Anderson  and  Offuts  Front  Levees,  and  the  cost  thereof  was  charged  to 
the  contractors.  ^ 

The  contracts  were  extended  to  July  1,  1891,  at  which  date  it  is  expected  all  the 
levees  under  contract  will  be  completed  except  the  Timberlake  and  Clover  Hill  levee, 
ftlong  some  portions  of  which  the  borrow  pits  are  now  filled  with  water,  and  it  has 
l»een  impracticable  to  resume  work. 

These  levees  were  under  local  charge  of  Assistant  Engineer  Coppee  until  February 
15,  and  since  that  date  under  Assistant  Engineer  Hider. 

LEVERS,  TENSAS  BASIN,  ARKANSAS. 

• 

The  old  levees  in  this  front  have  generally  a  4-foot  crown  with  slopes  1  on  3, 
md  are  from  1  to  3  feet  lower  than  the  corresponding  levees  on  the  Mississippi  side. 

They  cross  few  sloughs,  are  generally  well  protected  by  timber  on  the  river  sitlc^, 
md  except  near  Lucca  and  Sunuyside,  where  it  is  expected  to  build  new  levees  thiii 
next  season,  they  are  distant  from  caving  banks. 

The  following  summary  of  an  estimlMl^  prepared  by  Assistant  Engineer  E.  C.  Tol- 
linger  of  the  yardage  required  to  raise  the  levees  to  the  stated  height  above  the 
Hsnmed  high  water  of  1890,  with  a  crown  of  8  feet,  and  slopes  of  1  on  3,  is  sub< 
mitted. 

The  high- water  line  of  1890  assumed  is  that  which  it  is  estimated  the  freshet  would 
hare  attoined  if  there  had  been  no  breaks  in  the  levees,  and  is  17  feet  above  that 
▼hich  existed  at  Arkansas  City,  and  23  feet  above  that  at  Greenville,  Miss. 

Summarp, 


Total  fori 

foot  above 

high  water, 

1800. 

Present 
le^ee. 

Additional  yardage  required. 

Remarks. 

For  1  foot 
above  high 
water,1800. 

For  2  feet 
above  high 

water,  1890. 

For  3  feet 
above  high 
water,1890. 

Oubie  yd9. 

1,051,243 

2,102,700 

4.054,043 

681,106 

005,121 

730,270 

386,514 

116,784 

Ovbio  yd: 
067,474 

1,222,167 

2,180,641 
760,467 
657,621 

3,607,000 
180,305 

3,788,304 

Oubie  ydi. 

083,760 

880,623 
1,864,302 

020,450 
1,837,500 
4,122,351 

206,118 
4,828,460 

Ovbie  ydt. 
1, 206, 013 
1,172,223 
2, 378, 236 
1,230,500 
1,732,073 
5,340,800 
287,040 
5,607,849 

Oubie  yd*. 
1,480,300 
1,483,681 
2,064,041 
1,572,623 
2, 134, 350 
6, 670, 023 
833,501 
7,003,524 

Amos  Bajou  to  Arkansas  City. 
Arkansas  City  to  Linwood. 
Amos  Bayoii  to  Linwood. 
Linwood  to  Lakeport 
Lakeport  to  Louisiana  llDe. 
Amos  Bavon  to  Louisiana  line. 
5  per  cent,  for  contingencies. 

Xo  i.-~This  table  does  not  Indade  work  under  contract  by  United  States,  by  State  forces,  nor  the 

iKUa  on  of  the  line  to  connect  with  the  levees  on  Arkansas  Biver. 

In  he  following  table  is  shown  the  levee  work  undertaken  by  the  General  Gov-, 

vni  at,  the  Tensas  Basin  Levee  Board  of  Louisiana,  and  Desha  County  Levee  Board 


3646   REPORT  OP  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

of  ArkansftB,  from  Amoe  Bayou  to  the  LotiisUna  State  Line,  from  May  1, 1890,  to  May 

1, 1891.    Constmction  grade  elevation  above  high  water  of  1890  is  3  feet  with  as 
8-foot  crown,  slope  3  to  1.  ' 


Location. 

Length  of 
work. 

Earth- 
work. 

Prioe 

per 

cubic 

yard. 

Cost  of 

each 
oontraot. 

Remarks. 

Contractor. 

New 
levee. 

Old 
li'voe. 

BrookAtteld,I>OBba  Co . 

Boffgy  Bayou,  Deeha 

Laoca    Loop    exten- 

•Um,  I>OBha^;u. 
8appington,DeHha  Co . 
FergnsoD,  Dosha  Co  . . 
Chicot,  Desha  Co 

Arkaoaaa  City,  Deuba 

Co. 
Lana,  Chicot  Co 

Colombia,  (*hloot  Co. . 

002 

1,786 

16,624 

063 
471 
660 

1,201 

1,630 

1,480 
4,670 

16,330 

Fe$t. 

....... 

On.  yds. 

16,575.2 

00, 708. 4 

Otnt». 

25 

24| 

lOU 
19 

io|i 

10 

1^ 

16 

1»H 

lou 

64,143.80 

22,440.01 

84,446.86 

2,000.08 
1,346.66 
1,714.16 

5,411.65 

6,110.08 

3,272.80 
7,401.00 

6,736.00 

5,252.62 

2,006.18 

United  States 
Government 
. . .  .do 

J.M.Whitehm. 

A.  K.  Fudge. 

J.M.Whitefaffl. 

Do. 
Do. 

2,820 
10,070 

402,860.6 

10.020.6 
6,  H40. 2 
8,706.8 

27,487.2 

32,205.4 

17,453.2 
44,806.7 

43, 100. 0 

26,680.0 

10, 200. 0 

....do 

Tensas  Basin . 
. do 

Desha  Levee 

Board. 
Tensss  Basin . 

United  States 

'  Crovenment. 

do .... . 

Do. 
Do. 
R.  E.  Cialg. 
Do. 

Leland    Short   Line, 

do 

Do. 

Chicot  C^. 

SnnnyHide  Front,  Chi- 
cot Co. 

North  of    Arkansas 
Citv,  Desha  Co. 

....do 

Tensas  Basin . 
. . .  .do 

Snnnysldo    Land 

Co. 
J.M.WhitehiH. 

As  in  Mississippi,  work  has  been,  delayed  by  the  eon  tractors  beins  slow  in  eom- 
mencing  operations,  and  by  excessive  rains,  none  of  the  levees  nnder  contract  by 
the  General  Government  were  completed  within  the  time  called  for  by  the  specifics* 
tions.  The  contracts  have  beeh  extended  to  Julv  1,  1891,  at  which  date  it  is  ex- 
pected that  the  levees  will  be  practically  completed,  with  the  exception  of  the 
Lncca  Loop  extension,  on  which  levee  the  contractor  has  nntil  February  1,  1892,  to 
complete  his  contract. 

The  levees  of  the  Tensas  Basin  leave  the  Mississippi  River  at  Cypress  Creek  and 
extend  along  that  creek  to  Boggy  Bayou.  Bttween  Cypress  Creek  and  the  Arkan- 
sas River  is  a  tract  of  country  unprotected  from  overflow,  while  around  the  head  of 
the  levees  during  j&eshets  a  flooa  of  water  flows  into  the  bayous  and  swamps  of 
Lower  Arkansas  and  Louisiana. 

To  fully  protect  the  Tensas  Basin  it  will  be  necessary  to  extend  the  existing  line 
of  levees  to  connect  with  the  levees  on  the  Arkansas  River,  and  to  repair  the  Arkan- 
sas River  levees  for  some  distance  up  that  river.  A  survey  of  two  lines  for  that  pur- 
pose was  undertaken  in  1889.  Captain  Rossell's  report  upon  that  survey  is  appended. 
His  estimate  of  1,621,198  cubic  yards  is  based  upon  flood  heights  previous  to  1890. 

To  raise  the  levees  to  1  foot  above  the  assumed  nood  heights  of  1890  would  increase 
that  estimate  to  2,231,362  cubic  yards. 


LEVBBSy  TENSAS  BASIN,  LOUISIANA. 

The  profile  of  these  levees  is  much  stronger  than  those  of  Arkansas.  They  are  in 
general  not  of  sufficient  height,  and  are  situated  close  to  the  river,  so  that  ^ey  are 
more  liable  to  be  destroyed  by  caving  banks. 

The  eBtimate€l  yardage  necessary  to  raise  the  levees  of  this  basin  in  the  third  dis- 
trict to  a  height  of  3  feet  above  the  hif^h  water  of  1^0,  with  8- foot  crown  and  slope 
of  1  on  3  on  nver  side,  is  2,795,844  cubic  yards  as  estimated  by  the  chief  State  engi- 
neer, H.  B.  Richardson,  of  Louisiana,  whose  letter  is  appended. 

The  general  Government  has  under  contract  the  new  Elton  levee  (538  to  541),  which 
was  buUt  in  rear  of  an  old  levee  which  was  threatening  to  cave  into  the  river 
and  has  since  in  large  part  been  destroyed;  315,000  cubic  yards  were  completed 
June  1.  Considerable  trouble  was  experienced  in  crossing  a  willow  slough,  where 
the  levee  for  a  distance  of  400  feet,  when  nearly  completed,  l)egan  sinking  and  forcing 
out  a  weak  underlying  stratum.  This  sinking  continued  until  a  test  gange  at  sta- 
tion 148  -{-  50  indicated  a  lowering  of  the  surface  of  24  feet.  The  ground  in  rear  of 
the  levee  was  ux)heaved  a  maximum  distance  of  12|  feet,  and  forms  a  berme  for  a  dis- 
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tance  of  100  feet  with  a  width  of  35  feet  on  tojp  and  about  50  feet  at  the  bottom. 
The  contractor  has  a  larve  foroe  at  work  on  thiB  levee,  and  it  is  expected  that  it  will 
be  completed  early  in  Jmy. 

HIGH  WATEB  PROTECTION  OF  LEVEES. 

As  soon  as  this  year's  freshet  had  attained  snch  a  height  as  to  cause  apprehension 
in  regard  to  the  safety  of  the  levees,  forces  were  organized  for  high-water  protection. 
The  towboat  (hceola  was  employed  on  inspection  service  and  in  transporting  mate- 
rial for  the  levees  in  Mississippi  and  Arkansas,  and  the  steamer  Meigs  patrofled  the 
Louisiana  front.  The  towboat  Vidalia,  which  was  employed  in  gauging  the  river  at 
Arkansas  City,  was  held  in  readiness  to  assist  the  OsceoUiy  but  fortunately  her  serv- 
ices were  not  required.  The  assistant  engineers  who  had  been  employed  on  levee 
construction  were  assigned  to  local  charge  of  levee  protection,  and  inspectors  were 
distributed  at  critical  points.  Measures  were  taken  to  repair  all  dangerous  points, 
and  sacks  and  lumber  were  distributed  so  as  to  be  available  at  threatened  localities. 
The  State  forces  had  also  early  organized  and  had  adopted  a  system  of  patrolling 
the  levees,  which  was  of  great  value  in  giving  warning  of  threatened  danger.  The 
General  Ckivemment  only  attempted  to  ffuard  and  patrol  levees  in  exceptional  cases, 
such  as  where  the  line  was  in  an  uninhabited  region,  or  where  there  appeared  to  be 
danger  of  attempts  being  made  to  cut  the  levee. 

The  following  allotment  for  high  water  protection  was  made  by  the  Missi8sip]>i 
River  Commissioif  and  approved  by  the  Secretary  of  War,  March  20, 1891,  which 
enabled  work  to  be  prosecuted  with  increased  vigor: 

Levees,  Lower  Mississippi  levee  district $82,750 

Levees,  Tensas  Basin,  third  district,  Arkansas 47, 500 

Levees,  Tensas  Basin,  third  district,  Louisiana 34,062 

The  principal  sources  of  trouble  were  the  sloughing  off  of  the  back  slope,  partic- 
ularly where  new  work  had  been  put  on  the  land  side,  wave-wash  on  levees  which 
were  not  properly  sodded,  too  low  levees  which  required  to  be  topped  to  prevent 
the  water  flowing  over  them,  and  a  seepage  through  the  levees  near  and  under  the 
base  frequently  attributed  to  crawfish  holes. 

Three  crevasses  occurred  in  the  third  district  during  the  freshet.  The  first  on  March 
21,  near  Concordia,  La.,  (549  R);  the  second  near  the  Stella  plantation,  Mississippi, 
(.503  L),  on  the  night  of  April  3,  and  the  third  in  front  of  Greenville,  April  22.  The 
first  2  crevasses  occurred  in  old  levees  Vhich  were  considered  perfectly  safe,  iiiid 
therefore  had  not  been  carefully  inspected.  The  one  in  front  of  Greenville  was  due 
to  the  caving  in  of  the  river  bank,  had  been  anticipated,  and  a  back  levee  had  been 
partially  constructed.  This  levee  was  raised  above  the  water  level  a  few  hours 
after  the  break  occurred,  and  the  crevasse  closed. 

The  Concordia  break  gradually  assumed  a  width  of  1,600  feet,  and  had  a  maximum 
flow  through  it  of  100,0%  cubic  feet  per  second.  Efforts  were  made  to  hold  the  ends 
by  covering  them  first  by  mats  of  sand  bags  and  bagging,  then  by  a  mat  of  brush 
and  sand  bags,  and  finally,  by  building  out  spur  dikes  of  brush,  pUes,  and  sand 
bags  approximately  at  right  angles  to  the  levee,  which  deflected  the  water  Arom  the 
end  to  he  protected.    This  last  method  was  successful. 

The  ends  of  the  Stella  Crevasse  were  successfully  held  by  similar  dikes,  the 
crevasse  widening  to  422  feet.  The  maximum  discharge  through  it  was  found  to  be 
19,000  feet  per  second.  In  front  of  the  crevasse  was  a  private  levee,  which  had  been 
overto]>pea  during  the  freshet,  and  a  number  of  gaps  washed  through  it.  The  Board 
of  Mississippi  Levee  Commissioners  undertook  the  closing  and  raising  of  this  private 
levee.  Between  April  14  and  May  7  they  closed  10  breaks,  aggregating  a  length  of 
2,500  feet,  and  having  a  depth  of  from  2  to  8  feet,  and  materially  reduced  the  flow  of 
water  through  the  break,  which  on  Mav  5  was  found  to  be  2,800  cubic  feet  per  sec- 
oud.  Work  was  then  abandoned,  as  the  river  was  falling  so  rapidly  that  further 
expenditure  was  not  deemed  advisable. 

To  Assistant  Engineers  Arthur  Hider,  E.  C.  Tollinger,  and  Henry  Goodrich,  great 
c  dit  is  due  for  the  zeal  and  intelligence  they  displayed  throughout  this  struggle 
x{  ,h  the  high  water,  and  to  whose  untiring  efforts  the  success  achieved  in  holding 
t]     levees  is  largely  due. 

FRESHET  OF  1891. 

he  water  reached  its  highest  point  in  the  Third  District  about  the  4th  of  April, 
t  the  upper  and  lower  end  of  the  district  it  was  very  considerably  below  that  of 
h    i  year,  wnile  in  the  vicinity  of  Lake  Providence,  and  for  some  distance  below,  it 
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was  equal  or  slightly  above  that  of  1890.    Below  is  the  height  attained  at  a  few 
poiutA. 


Looiaitor. 


Mouth  of  White  Kiver  . . . 
If  oath  of  Arkansas  Kivcr 

ArkanoaA  City 

Gifien  villo 

Wilson  Point 

Lake  Providence 

Henderson 

Vicksbarg 

Warrentou 


Distance 
below 
Cairo. 


MUet. 

3»a.o 

401.8 
438.3 
479.0 
531.5 
542.5 
6TO.5 
599.0 
007.0 


2. 7  feet  below  1890. 
2. 4  feet  below  1800. 
1. 15  feet  below  1890. 
0. 20  feet  below  1880. 
0. 20  feet  below  1890. 
0. 10  feet  above  1890. 
0. 03  feet  below  1880. 
1. 00  feet  below  1890. 
1.00  feet  below  1890. 


The  area  overflowed  on  the  right  bank,  due  to  the  Concordia  CJ^evasse.  was  only 
13.5  per  cent,  of  the  land  submerged  in  1890^  and  was  confined  to  East  Cfarroll  and 
Madison  parishes.  In  East  Carroll  Parish  148  square  miles  were  overflowed;  in 
Madison  Parish  270  square  miles  were  overflowed;  total,  418  square  miles.  Area 
overflowed  in  1890,  8,050  square  miles.  * 

On  the  left  bank  only  29.3  per  cent,  of  the  land  snbmerffed  last  year  was  over- 
flowed. This  was  due  to  the  Stella  Crevasse  (503  L),  and  tne  Robertson ville  Crev- 
asse (338  L)  in  the  Second  District.  The  area  submerged  in  Bolivar  Coonty  was  due 
to  the  crevasse  at  Robertsonville. 

In  BoUvar  County  62  square  miles  were  overflowed ;  Washington  County,  68 ;  Is- 
saqnona  County,  177;  Sharkey  County,  100 ;  Warren  County,  152;  total,  554  square 
miles.    Area  overflowed  in  1890,  1,889  square  miles. 

A  map  showing  the  limits  of  the  overflow  due  to  these  crevasses,  from  a  recon- 
uoissance  made  after  the  water  subsided,  is  submitted.     (Plate  6.) 

Attention  is  especially  invited  to  the  following  modifications  in  the  construction 
of  levees  proposed  by  Assistant  Engineer  Arthur  Hider. 

The  necessity  for  greater  care  in  selecting  material  for  the  foundations  of  levees 
has  been  forcibly  shown  during  this  freshet.  For  high  levees  Mr.  Hider's  curves 
give  a  rather  large  banquette.  ^  • 


PROPOSBD  SKCnONS  FOR  LBVSBS. 


The  lessons  tanght  by  the  last  high  water  are  but  a  repetition  of  the  experience 
gained  by  the  previous  overflow,  and  only  more  thoroughly  demonstrated  the  urgent 
necessity  that  the  greatest  care  be  exercised  in  levee  construction. 

During  the  period  when  the  water  is  at  or  near  their  tops,  the  most  careful  in- 
spection and  guarding  is  required  to  prevent  disaster.  In  the  report  of  last  year  the 
following  recommendations  were  made  to  avoid  a  recurrence  of  the  diaaatrous 
crevasses  that  then  took  place. 

(1)  A  greater  height  of  embankment. 

(2)  A  larger  section. 

(3)  More  care  in  selection  of  material  and  in  details  of  construction  of  the  founda- 
tion. 

(4)  The  addition  of  a  berm  on  the  land  side,  where  the  material  is  porous,  to  ^ve 
the  necessary  weight  and  stability  to  counteract  the  water  pressure  fh>m  uie  nver 
side. 

The  experience  of  the  present  season,  both  in  enlarging  and  strengthening  old 
levees  and  in  protecting  them  from  damage  during  the  flood,  only  tends  to  render 
more  apparent  the  necessity  that  the  greatest  care  be  exercised  in  their  construction, 
and  fully  bears  out  the  general  recommendations  then  made,  which  are  here  reiter- 
atc<l  and  elaborated  more  in  detail. 

In  former  years  it  has  been  the  practice  to  build  these  embankments  at  the  lea 
possible  cost,  and^to  this  end  to  use  the  material  closest  at  hand,  with  little,  if  an 
selection, — in  other  words,  to  build  a  bank  of  earth  of  the  nearest  available  materi 
to  keep  out  the  water  during  the  time  of  flood. 

While  the  great<*r  part  of  the  front  was  nnleveed  and  the  embankments  were  < 
small  (HmeiiHionH  and  of  no  great  heiglit,  the  weak  features  in  this  metho<l  of  co 
Htructioii  were  not  so  apparent,  but  as  the  levee  system  was  extended  from  year 
year,  rendering  neceNsary  the  building  of  much  hifcher  and  larger  embankments 
restrain  tlie  annual  flomln,  the  frequent  iTevassos,  from  unknown  causes  andW'itho 
apparent  weakness  at  the  particular  locality,  demonstrated  that  the  fault  lay  eitl 
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in  the  method  employed  in  their  ooliBtraotion,  or  that  defects  existed  in  the  founda- 
tion itself  upon  which  they  rested.  It  can  hardly  be  expected  that  levees  con- 
•tmcted  as  at  present,  with  light  jiorons  soi!,  and  the  vegetable  matter  near  the 
sarfmce  of  the  natural  ground  distributed  through  the  mam  body  of  the  embank- 
menty  to  withstand  the  pressure  of  water  for  3  or  4  months  each  year,  without  a 
thorough  saturation  and  consequent  leakage,  enough  to  menace  the  stability  of  the 
embankment,  unless  they  are  made  of  unnecessarily  large  dimensions. 

The  sections  generally  adopted  in  Mississippi  until  within  the  past  few  years  were^ 
erown  4  to  6  feet,  slopes  from  3  to  24-  on  1,  and  a  narrow  berme  on  the  river  side  of 
from  8  to  12  feet.  Fig.  1,  Plate  (7).  The  aimensions  are  being  increased  to  a  stand- 
ard of  8  feet  crown,  slope  3  to  1  on  each  side,  and  a  berme  of  at  least  30  feet  on  the 
riverside.    Fig.  2. 

The  plan  of  levee  building  formerly  pursued  was : 

(1)  To  chop  down  the  brush  and  trees  within  the  space  to  be  occupied  by  the  base 
of  the  levee,  and  cut  off  the  stumps  even  with  the  ground,  leaving  the  rest  of  the 
stump  and  roots  to  rot  in  the  levee. 

(2)  Then  to  plow  up  the  surface  to  be  covered  by  embankment. 

(3)  To  dig  ''muck ^ ditch  from  4  to  6  feet  wide  and  6  feet  deep,  which  was  filled 
viih  earth  and  loosely  compacted. 

(i)  The  earth  to  form  the  embankment  was  then  indiscriminately  deposited  with- 
out selection,  the  borrow  pits  bein^  from  6  to  8  feet  deep,  and  often  within  10  feet  of 
tke  base  of  the  levee,  the  earth  being  obtained  from  the  river  side. 

By  proceeding  in  tnis  manner  the  vegetabfe  material  and  top  soil  is  loosened  under 
tbe  base  of  the  levee,  and  as  the  borrow  pits  aie  uncovered  the  nrst  material  obtained, 
ifhich  is  the  top  soil,  naturally  finds  its  way  into  the  base  of  the  levee.  Supposing 
this  top  soil  (full  of  grass  roots  and  other  decaying  vegetable  matter)  to  be  1  foot 
thick,  we  have  the  base  of  the  levee  composed  of  from  1^  to  2  feet  of  porous  soil,  de- 
pending upon  its  distribution.  This  is  the  part  of  the  levee  subjected  to  the  great- 
est pressure,  and,  from  the  character  of  the  material  of  which  it  is  composed,  is  least 
adapted  to  withstand  the  strain  and  prevent  the  percolation  of  water  under  pressure; 
the  consequence  is  that  nearly  all  of  the  old  levees  have  serious  leaks  at  and  just 
above  the  surfiM^e  of  the  ^ound. 

During  high  water  it  will  be  found  that  along  the  inside  of  the  levee  the  ground 
is  thoroughly  saturated  with  sipe  water,  and  as  the  roadway  for  travel  is  located 
here,  eaoh  vehicle  or  animal  passing  only  tends  to  make  the  ground  more  soft  and 
boggy,  so  that  in  a  short  time  the  road  is  absolutely  impassable  for  vehicles,  and  fre- 
quently for  horsemen.  To  mitigate  this  evil,  a  dramage  ditch  is  often  cut  to  drain 
this  water  at  a  short  distance  from  the  base,  which  increases  the  danger  of  the  water 
forcing  itself  through  from  the  river  side. 

The  changes  in  the  present  method  of  construction  suggested  are : 

(1)  To  clear  the  base  of  the  levee,  grubbing  out  all  stumps  and  roots. 

(2)  To  plow  up  the  surface  of  the  ground  to  be  occupied  by  the  levee  and  also  that 
under  the  berme  or  banquette  which  is  to  be  built  on  the  land  side. 

(3)  To  nse  all  the  top  soil  containing  roots  or  other  perishable  material  from  the 
bMe  of  the  levee,  as  well  as  from  the  borrow  pits,  to  form  the  banquette  and  road- 
way on  the  land  side. 

(4)  To  construct  a  muck  ditch  of  selected  material  of  suitable  dimensions  in  the 
emter  of  the  levee. 

The  earth  to  be  thoroughly  compacted. 

(5)  To  construct  the  levee  proper  with  material  obtained  from  the  borrow  pits, 
after  all  soil  and  decaying  vegetable  matter  has  been  removed. 

(6)  No  borrow  pits  to  be  within  40  feet  of  the  base  of  the  levee  and  to  be  not  more 
than  5  feet  deep. 

The  advantages  of  the  method  proposed  are  that  the  material  where  the  pressure 
M  greatest,  viz,  at  the  foot  of  the  slope,  is  the  best  available  and  free  from  decaying 
vegetable  matter. 

The  banquette  affords  additional  section  where  most  needed,  and  prevents  dan- 

nrous  leakage  and  sipage,  as  the  additional  distance  the  water  has  to  percolate 

OMtroys  to  a  great  exsent  its  power  to  transport  material  through  the  embankment. 

)  affords  a  roadway  at  all  seasons  of  the  year  without  ii^jury  to  the  main  levee,  an 

Bportant  consideration  during  high  water.    The  danger  from  insecure  foundation 

r  from  levees  built  on  porous  soil  is  very  much  reduced,  as  the  additional  weight 

f  the  banquette  on  the  inside  of  the  lovee  prevents  the  water  forcing  its  way  up 

ear  the  foot  of  the  inside  slope.    It  is  proposed  to  restrict  the  height  of  levee» 

Ithout  a  banquette  on  the  inside  to  6  feet,  tiie  banquette  to  be  of  a  constant  width 

n  top  of  40  feet  and  6  feet  below  the  top  of  levee,  with  the  outer  slope  of  2  on  1, 

sd  to  be  used  as  a  roadway.    A  section  of  the  proposed  levee  is  shown  by  Fig.  3. 

he  additional  cost  of  the  section  proposed,  compared  with  that  now  adoi)tcd  as  to 

Undard,  is  given  below  for  every  2  f«^t  in  height  from  6  to  20  feet. 
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Additional  cost  of  proposed  section  over  tlmt  now  used  as  standard: 

Height  6  feot,  12  per  cent. 
Height  8  feet,  97  per  cent. 
Height  10  feet,  44  per  cent. 
Height  12  feet,  45  per  cent. 
Height  14  feet,  43  per  cent. 
Height  16  feet,  40  per  cent. 
Height  18  feet,  36  per  cent. 
Height  20  feet,  34  per  cent. 

By  redncing  the  width  of  the  banquette  to  20  feet,  a  section  which*  is  shown 
(Fig.  4):. 
The  increase  of  cost  over  the  standard  section  is : , 

Height  6  feet,  12  per  cent. 
Height  8  feet,  21  per  cent. 
Height  10  feet,  23  per  cent. 
Height  12  feet,  22  per  cent. 
Height  14  feet,  20  per  cent. 
Height  16  feet,  17  per  cent. 
Height  18  feet,  15  per  cent. 
Height  20  fe<t,  13  per  cent. 

The  section  of  levee  recommended  is  that  shown  by  Fig.  3  and  5  with  banquette  40 
feet  wide. 

A  comparison  showing  the  increasi  of  yardage  for  different  heights  in  levees  in 
100-foot  sections  with  a  20-fM>t  and  40-foot  banqnette  on  the  plan  proposcwl,  com- 
pared with  the  standard  section,  is  shown  in  Fig.  6. 

The  additioni^  cost,  it  is  believed,  is  more  than  offset  by  the  benefits  derived. 

Security  to  those  who  are  dependent  upon  levees  for  protection  and  immunity  frtira 
overflow  is,  of  course,  the  paramount  eonsidi*mtion.  Any  plan  that  will  insure 
this  will  justify  a  very  considerable  outlay  to  obtain  those  desirable  results.  The 
modifications  are  suggested  with  this  end  in  '>iew. 

With  levees  of  sufficient  height,  carefully  confttructed  upon  the  plan  outliut^d 
above,  the  dangers  of  crevasses  will  be  greatly  reduced,  and  the  Hue  of  levees  made 
reasonably  safe. 

REPAIRS  AUD  CARE  OF  PLAKT. 

The  floating  |dant  and  other  property,  when  not  in  use,  have  been  cared  for  about 
1  mile  below  Greenville.  There  has  bc^en  no  loss  of  boats  or  barges  dnrins:  the  year. 
The  steamer  Etkendge  has  been  transferri'd  to  the  general  S4*rvice,  to  facilitate  tow- 
ing stone  during  high  water. 

Extensive  repairs  have  been  made  to  5  model  and  7  brush  barges,  6  pile  drivers, 
and  1  hydraulic  grader.  The  hulls  of  these  boatM,  except  the  bottoms,  were  nearly 
all  repaired.  Minor  repairs  have  been  made  to  nearly  all  the  plant,  which  is  requir- 
ing each  year  an  increased  expenditure  for  this  purpose,  a  large  number  of  the 
boats  having  been  in  service  over  9  years. 

The  following  boats  and  barges  have  been  put  in  working  condition:  5  model 
barge8,l0 quarter  boats,  2  graders,  26  skiffs,  24  brush  barges,  6  t^eneral  serWce  barges, 
3  steamboats,  2  mooring  barges.  5  mattress  barges. 

To  work  with  three  revetment  parties,  as  is  proposed  for  this  next  season,  will 
necessitate  a  large  amount  of  further  repair  work. 

SURVEYS. 

Hydrographic  surveys  have  been  made  in  the  vicinity  of  I^ke  Bolivar  Front,  Ash- 
brook  Neck,  Greenville,  MayerHville,  Raleigh,  and  Pilolier  Point.  New  shore  linea, 
showing  changes  in  caving  bendH.  have  been  located  in  the  vicinity  of  Lake  BoHviir 
from  Offntts  to  Greenville  and  through  Lake  Providence  Keach. 

DISCHARGE  OBSERVATIONS. 

Three  sets  of  observations  for  low- water  discharge  were  taken  at  Wilson  Point, 
Louisiana,  in  December,  1890. 

A  party  was  engaged  gauging  the  river  at  Arkansas  City  from  March  9  to  Mav 
12.  1891,  and  at  Wilson  Point  from  March  27  to  May  7,  1891. 

The  results  of  the  field  ol>servations  are  given  in  the  accompauying  reports  of 
William  P.  Richsrds  and  John  J.  Hoopee. 

Financial  statements  are  herewith  appended. 
Very  respectfully,  your  obedient  servant, 

C.  McD.  TOWNSEND, 

Capt,  of  Enffimeen. 
Gen.  C.  B.  Comstock, 

Col,  of  Engineers,  Jirev.  Brig.  Gen.,  U.S.A., 

Preitident  MiMinttippi  Hirer  Commissions 
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Financiht  Htatement 
LAKE  PROVIDENCE  REACH. 

Balance,  Jane  30, 1890 $6,526.66 

Allotment,  act  of  September  19,  1890 185,000.00 

Allotment,  actof  MarchS,  1891 330,000.00 

By  transfer  from  Levees,  Fourth  District 9, 000. 00 

530,526.66 

Withdrawn $125,000.00 

Expended  to  June  30,  1891 15,960.87 

140, 960. 87 

Balance,  June  30,  1891 389,565.79 

In  Treasury $358,000.00 

In  hand 31,565.79 

Total  balance,  June  30,  1891 '. 389,565.79 

Less  amoonts  covered  by  existing  contracts  and  liabilities 30, 000. 00 

Available  balance,  Jnne  30,  1891 359,565.79 

Expenditaries  apportioned : 

Subsistence 2,384.76 

Cost  of  plant,  repairs,  and  outfit 6, 637. 78 

Care  of  public  property 3, 167. 62 

Towage  and  steamer  expenses 1, 682. 33 

Administration  and  office  expenses 1, 669. 78 

Survevs 290.70 

Miscellaneous 127.90 

15,960.87 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893 . .  750, 000. 00 

VICKSBURG.  MISSISSIPPI. 

Balance,  June  30,  1890 37,305.75 

By  transfer  from  Delta  Point 156. 58 

Allotment,  act  of  September  19,  1890 85, 500. 00 

122, 962. 33 
Expended  to  June  30,  1891 38,497.93 

Balance,  June  30,  1891 84,464.40 

In  Treasury : $70,500.00 

In  hand 13,964.40 

84,464.40 

Less  amount  covered  by  existing  contracts  and  liabilities 69, 464. 40 

Available  balance,  June  30,  1891 '*15,000.00 

Expenditures  apportioned : 

Cost  of  plant,  outfit,  and  repairs 421. 98 

Subsistence 147. 42 

Care  of  public  property 675. 16 

Administration  and  office  expenses 3, 241. 89 

Dredging  under  contract 33, 543. 05 

Survevs  : 337.43 

Miscellaneous w 131. 00 

38, 497. 93 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893 .  100, 000. 00 

•  Reserved  for  repairs  to  Delta  Point. 
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GREENVILLE,  l^ISSISSIFPI. 

Balance  June  30, 1890 $8,482.48 

Allotted,  act  of  September  19,1890 100,000.00 

Allotted,  act  of  March  3, 1891  100,000.00 

203,482.48 

Expended  to  June  30, 1891 8,696.22 

Balance,  June  30, 1891 194,786.2(> 

L€0A  amount  covered  by  exittting  contracts  and  liabilities 85, 000. 00 

Available  balance,  June30,  1891 109,786.26 

In  treasury 197,500.00 

In  hand*  

£xi)enditure8  apportioned : 

Labor  on  construction 449. 84 

Material  for  construction 6, 763. 32 

Subsistence 134. 85 

Cost  of  plant,  repairs,  and  outfit 363. 50 

Care  of  public  property • 1, 171. 58 

Administration  and  office  expenses 774. 83 

MisceUaneous 38. 80 

8,696.22 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  line  80, 1893  200, 000. 00 

LAKE  BOLIVAU  FIIONT. 

Balance,  June  30, 1890 20,289.72 

Expended 1,619,57 

Balance  in  hand  June  30,  1891 1 18, 670. 15 

•  - 
Expenditures  apportioned : 

Administration  and  office  expenses 561. 67 

Surveys 1,057.90 

1, 619. 57 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893 .  100, 000. 00 

ASHBROOK  NECK. 

Allotment,  act  of  September  19,  1890 300,000.00 

Expended  to  June  30, 1891 85,038.15 

Balance,  June  30,  1801 214,961.85 

In  Treasury , $210,000.00 

In  hand 4,061.85 

214,961.85 

Less  amount  covered  by  existing  contracts  and  liabilities 85, 000. 00 

Available  balance,  June  30, 1891 129,96L85 

Expenditures  apportioned : 

Labor  on  construction 28, 425. 27 

Material  for  construction. . . : 42, 848. 45 

Subsistence 6,765.84 

Cost  of  plant,  repairs,  and  ontiit 1, 676. 33 

Care  of  public  proi>erty 900. 00 

Towage  and  steamer  expenses 3, 266. 85 

Administration  and  office  exiM'ust's 477. 99 

Medicines  and  medical  attendance 614. 57 

Miscellaneous 62. 85 

85, 038. 15 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juuf  30, 1893 .  100, 000. 00 

'$2,713.74  temporarily  used  from  Bolivar  Front  allotment. 

192,713.74  of  this  amount  temporarily  exiH^ndod  oil  Groeuville,  Miss.,  allotment. 
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PLANT,  THIR1>  DISTRICT. 

Allotted,  act  of  September  19, 1890 $100,000.00 

Allotted;  act  of  March  3, 1891 ; 30,000.00 

130  000.00 
Expended  to  June  30, 1891 -.  51,' 486!  70 

Balance,  June  30, 1891 78,533.30 

Amount  covered  by  existing  contra<'t8  and  liabilities 35, 000. 00 

Availablebalance  June  30, 1891 43,633.30 

In  Treasury $75,000.00 

In  hand 3,533.30 

78,533.30 

Expenditures  apportioned : 

Labor  on  repairs 16,865.34 

Material  for  repairs 16, 474. 65 

Care  of  plant,  labor '. 10,284.80 

Care  of  plant,  subsistence 4, 086. 90 

Cost  of  outfit  and  supplies 2, 265. 25 

Adnuni8t!ration  and  office  expenses 1,489.76 

51, 466. 70 

Amount  that  can  be  profitably  exi>ended  in  fiscal  year  ending  June  30, 1893.    100, 000. 00 

SURVErS,  GAUGES,  AND  OBSERVATIONS,  THIRD  DISTRICT^. 

A]Iotted,actof  September  19,  1890....^ 12,000.00 

Expended  to  June  30,  1891 6,602.91 

Balance  June  30,  1891,  all  of  which  Is  available 5;  397. 09 

In  Treasury $4,000.00  "' 

In  hand 1,397.09 

5,397.09 

Expenditures  apportioned : 

For  surveys 1,430.41 

For  gauges 222.00 

For  observations 4, 950. 50 

6,602.9i 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893 .    12, 000. 00 

LEVEES  LOWER  MISSISSIPPI  LEVEE  DISTRICT. 
Allotment,  act  of  September  19, 1890 230,750.00 


Expended  to  June  80,  1891 141,006.01 

Balance  June  30, 1891 89,743.99 

For  protection  of  levees $25, 510. 08 

Less  liabilitiee 510. 08 

Available  balance  June  30,  1891 25,000.00 

For  construction  of  levees 64, 233. 91 

Less  amount  covered  by  existing  contracts  and  liabilities  . .    54. 233. 91 

Available  balance  June  30,  1891 10,000.00 

In  Treasury  for  protection ^ 12, 750. 00 

In  hand  for  protection 12,760.08 

25, 510. 08 

In  hand  for  construction 64, 233, 91 

89, 743. 99 
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Kxpenditures  apportioned : 

For  lev«^  conHtruction  and  repairs $119, 727. 95 

For  engineering  and  office  expennes 4^  138. 14 

For  high-water  protection 17,139.92 

141, 006. 01 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 

For  construction 1,000,000.00 

For  high-water  protection 15, 000.  OO 

LEVEKS  TENSAS  BASIN,  THIRD  DISTRICT  IN  ARKANSAS. 

Allotment,  act  of  September  19,  1890 237,500.00 

Expended  to  June  30, 1891 69,282.76 

Balance  June  30, 1891 168,217.24 

For  protection  of  levees $37,293.32 

Less  liabiUties 293.32 

Available  balance  June  30,  1891 37,000.00 

For  construction  of  levees 130, 923. 92 

Less  amount  covered  by  existing  coutractH 100, 923. 92 

Available  balance  Juno  30,  1891 30,000.00 

In  Treasuiy  for  protection $22,500.00 

In  hand  for  protection 14, 793. 32 

37, 293. 32 

In  Treasury,  for  construction 76, 000. 00 

111  hand  for  construction 54, 923. 92 

130,923.92 

168, 217. 24 

Expenditures  apportioned : 

For  construction  of  levees  and  repairs 44^  701. 32 

For  engineering  aud  office  expenses 4, 874. 76 

For  high-water  protection 19,706.68 

69, 282. 76 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 
1893 : 

For  construction 1,000,000.00 

For  protection 20,000.00 

LEVEES  TENSAS  BASI:N,  THIRD  DISTRICT  IN  LOUISIANA. 

Allotment,  act  of  September  19,  1890 129,062.00 

Expended  to  June  30,  1891 90,153.82 

Balance  June  30,  1891 38,908.18 

"~  ■  "^ 

For  protection  (all  available)  .  i $15, 533. 77 

For  construction  (all  pledged) 23, 374. 41 

38, 908. 18 

In  Treasury  for  protection 14, 062. 00 

In  hand  for  protection 1, 471. 77 

In  hand  for  construction 23, 374. 41 

""^■^~^~^"~^"~'     oo,  yuo.  lo 

Expenditures  apportioned: 

For  construction  of  levees 64, 656, 58 

For  engineering  and  office  expeii.sr.H 2, 219. 01 

For  high-water  protection 23,278.23 

90,  lp3. 82 
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Amonnt  tliat  can  be  profitably  expended  in  fiscal  year  endiui;  June  30, 
1893: 

For  construction $500, 000. 00 

For  protection 15,000.00 

% 

GAITGES,  THIRD  DISTKICT. 

Balance  Jane  30, 1890 318.90 

Kxpenditnres  apportioned : 

For  pay  of  gauge  observers $318. 00 

For  stationery .90 

318.90 

m 

SURVEYS,  EXAMINATIONS,  AND  INSPECTIONS. 

Balance  June  30,  1890 62.26 

By  transfer  iirom  Lake  Bolivar  allotment , 1, 000. 00 

1, 062. 26 
Expenditures  apportioned : 

For  pay  of  survey  party $510. 62 

For  subsistence 462. 99 

For  administration,  inspection,  and  office  expenses 58. 65 

1, 062. 26 

HIGHWATER  PROTECTION  OP  LEVEES. 

Balance  June  30, 1890.^ 747..43 

Apportioned  as  follows : 

For  material  for  protection $150. 83 

For  fuel  for  steamers 128.00 

For  labor 285.00 

For  administration  and  office  expenses 183. 60 

747. 43 

LEVEES.  THIRD  DISTRICT. 

By  amount  transferred  from  protection  of  levees,  fourth  district 1, 000. 00 

Expenditures,  apportioned  as  follows : 

For  labor $690.00 

For  administration  and  office  expenses 310. 00 

1, 000. 00 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  the  Mississippi 

Biver,  third  diatrict. 


Steamboats — 

Oscieola $9,000 

Vidalia 8,000 


Carpenter  shop  and  outfit $500 

12  pile  drivers  and  machinery. . .     12, 000 


Meter 3,500     7  yawls 150 


Steam  tug  Parker 5,000 

3  mattress  boats 7, 500 

1  quarter  boat 2, 000 

9  quarter  boats  (with  outtit) 8, 100 

3  quarter  boats  (with  outfit) 1,  200 

2  hydraulic  graders 20,0qp 

24  square  deck  barges 19, 200 

10  model  barges 15, 000 

Machine  shop  and  outfit 2, 500 


39  skiffs 390 

Tools  and  appliance h 1,  QOO 

Office  furniture,  safe,  etc 250 

1  dredge  (Menge) 10,000 

2  dump  scows 5, 000 

Surveying  instruments 1, 500 

Total 131,790 
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LtHt  ofcirHian  enffitteers  employed  on  work  of  river  atid  harbor  improremenij  in  charge  of 
Capts.  S,  W.  Rof'ssler  and  (\  Mai).  TowHsend,  Corpn  of  Engineers y  from  May  Sly  1890 ^ 
to  May  Sly  1891,  inchmircy  under  the  river  and  harbor  acta  of  Anguei  11,  1888,  Sep^ 
tember  19,  1890,  and  March  3,  1891, 


Name  and  residence. 


Arthur  Hider,  Greenville, 
MLm. 


H.  St  L.  Coppee,  TiokB- 
barg,  Mi83. 


B.  C.  T(>llinger,  ▲rkansas 
City,  Ark. 

Henry  Goodrich,  LakeProv- 
idenci*,  IjA. 


Jno.  J.  H(M>i)es,  Arkansas 
City,  Ark. 


Time  em- 
ployed. 


Mo».  days. 
4 
2  1 


8 


h 

S 
2 


29 


12 


Compen 

aation  iK>r 

moutn. 


Where  employed. 


200     GreenVillc,  Hiss 
200  I  Aahbrook,  Miu. 


250  I. ...do 

250  !  Greenville,  Mias 


250  I. ...do 

175  I  Vicksburg,  Mias. 


175     Greenville,  Miss. 


160 
175 

176 


160 


.do. 


Arkansas  City,  Ark. 
Lake  Providence,  La. 

Arkansas  City,  Ark. 


Work  on  whioh  employed. 


Care  of  fleet. 

Revetment  of  Aahbrook 
Neck. 
Do. 

In  charge  protection  of  and 
repairs  to  lereea  in  Missis- 
sippi. 

Bepifurs  to  plant. 

In  charce  dredging  ojiera- 
tions  mYioksDurg  Har- 
bor. 

In  charge  enlargement  of 
levees  in  Mississippi. 

Care  of  fleet  and  repairs. 

Construction  and  protection 
of  levees  in  Arkansas. 

Construction  of  Elton  Levee. 
Louisiana;  oonstniotlon  ot 
Lunjk  Columbia  and  Le- 
land  levees  in  Arkansas. 

High-water  observations  and 
oischargea. 


Cost  of  levees  in  Mississippi  (third  district)y  built  and  enlarged  by   the  United  Statea 

from  1882  to  1891. 


Year 
built. 


1882-'83 


1884-'85 

1887.... 
1889.... 


Name  of  levee. 


Built  by- 


Mayer  &  Co 

Arnold  it  Co 

Hugh  Carlisle 

W.B.  Strang  &  Co 

...do 

James  Madden. . . . , 

Cla^&  Miller 

Friiin  &  Co 


Magna  Vista  to  Chotard 

Shiloh  to  Tennessee 

EUeslie 

Skipwith 

Longwood , 

Jenkins  to  Easton 

Boland  to  Jenkins 

Clay  &  Baggotts  to  Boland  — 

Wade  Breaks •  — do 

Hughes  Breaks j do 

Bemah  to  Hughes do 

Beulah  Enlargement I — do 

Benlah  Breaks j  S<v>tt  &  Lamb. . . 

Riverton  Breaks :  James  T.  Stokes 

Riverton  to  Hughes !  W.  C.  P.  Jimos  . . 

L.  C.  Dulaney . . . 

J.  L.  Perkins 

J.P.Gray 

Ri)bert  Johnson. 

...do 

J.A.Cannon 

Tim  Sullivan  ... 


Clay  d^  Baggotts  to  Easton . 

Ben  Iiomond  Hoop 

— do 

Leoto 

Du  vails 

Greenville  Front , 

Skipwith  Front  South 


Cubic 
yards. 


49, 

67, 

133, 

71. 
76, 
58, 

155, 

103, 
50, 
22, 

152. 
66, 
27, 

151, 
38. 
42, 
44. 

3. 

151, 

96, 

8, 
100, 


357 

299.1 

500 

660 

891 

631 

159 

298 

714 

882 

679 

836 

152 

663 

892 

560 

903 

218.7 

260 

084.8 

773 

146.7 


1, 672, 619. 3 
For  proteotionand  engineering  expenses,  1882  to  January  1, 1891 

Total 


Cost,  in- 

dudinjg  eX' 

tension 

work. 


$10,858.54 

17,  SOL  52 

27, 285. 12 

13, 307. 18 

13,681.42 

12, 775. 11 

46, 520. 70 

81,594.86 

12,445.86 

5,49L68 

43,352.94 

22, 219. 93 

8,002.56 

41,949.01 

8,722.92 

9,765.80 

7,643.71 

708.10 

19,663.80 

30,544.96 

1,217.25 

14,877.99 


398,630.46 
96,176.57 


408,806.02 


Location 

on  inch 

to  mile 

■lap. 


567-670 
656-565 
539-541 
530-531 
498-4fl9 
434-435 
424-434 
417-424 

416 

403 
402^03 
400-402 

400 
898-400 
400-408 
417-436 
548-544 

544 
611-513 
568-569 

478 
630-570 
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Cosi^  of  Uveea  in  Arkansas,  built  and  enlarged  by  the  United  States  from  1882  to  1891. 


YeAr 
built. 


1882-'83 

1885 

1887 


1887-*88 


1888 

1887-'88. 

]88S-'80. 

1889 

1888 


188S-'89 
1889 


Kameof  levee. 


Daffin  Break... 
PftDtber  Forest 
Arkansas  City. 


...do 

Panther  Forest 

Leland  Bhort  Line 

Amos  Bayon, Arkansas  City 

Panther  jTorest ^ 

Matthews  Bend 

Brooks  Break 

Lelmd,  (lower) 

Whisky  Chute 

....do.. 

Opossum  Fork 

— do 

Lakeport  to  Louisiana  line  . 

Lakeport  Levee 

Grand  Lake 

Snnnyside 

Panther  Forest 

Loops  above  Arkansas  City 
Eunice,  Luna,and  Sunnysl^e 

Sterling 

Gannicnael  Break 


Bniltby— 


Winters  &  Walsh 

Street&Craig 

Amos  Kidge   Tennessee 
Ind.  Co. 

...do 

Geo,  Arnold  Co 

Stansell  &  Forrest 

Tapper  &  Fisher 

W.B.  Harvey , 

...do 


...do 

L.  C.  Dnlaney 

Andrews  Bros 

Team  Forco 

Arnold  &  De  Garis. 
Pnrcell  &  Greace. . . 
Flynn&De  Garis.. 

E.JHyner 

McTlghe  &,  McKee. 
L  M.  Worthington  . 

W.K.  Harvey 

J.M.Whltehill 

Flynn  &,  DeGarls  . . 

H.  W.Graves 

T.  S.  Aderholdt 


Cubio 
yards. 


80,246 

163,182 

VG.  039 

158,436.4 
302,466.3 
98,000 
123, 885. 4 
119, 823. 3 
129,453 
12,566 
53,128 
185, 020.  9 
45,000 
125,923.4 
82,207.4 
106,809 
8.419.5 
44,509 
16,420 
63, 694. 3 
27,250 
120, 613 
11, 748. 5 
5,831.6 


Cost,  in* 
cindinja;  ex- 
tension 
work. 


$21,411.68 
46,564.20 
23,  569. 57 

34,866.01 

63,611.38 

17, 396. 00 

21, 060. 50 

22,966.26 

24,596.07 

2, 261. 88 

8. 500. 59 

53,811.19 

12,769.17 

31, 480. 84 

20,574.36 

20,843.47 

1,515.51 

9,791.98 

2,028.97 

12,  738. 74 

4,905.00 

21,834.91 

1, 468.  52 

901.37 


2, 102, 762      I  482, 547. 17 
Expended  for  high- water  protection  and  engineering  expenses  ! 
from  1882  to  January  1, 1801 102,535.91 

Total  cost  of  Arkansas  levees 


585. 083. 08 


Location 

on  inch 

to  mile 

map. 


440^442 

^449^453 

425-437 

425-437 

451-464 

469-471 

427-438 

449-465 

607-^>09 

507 

485-486 

487 

487 

(t) 

(t) 

496.^21 

496 

509 

488 

451-453 

431 

461-490 

514 

(t) 


*  Caved  away. 


t  Not  on  map. 


Cost  of  levees  in  Louisiana,  and  enlarged  by  the  United  States  from  188^  to  1891, 


Tear 
built. 


1882-'83 


1884-'84 
1886 


Name  of  levee. 


Delta  to  Bedford 

Sparta,  above  Duck  port 

lltlUkens   Bend   to   Cabin 

Teele. 
Omega  to  Millikeiis  Bend.. 
Raleigh  to  Willow  roint. . . 

Wilton  to  Raleigh 

Providence 

Delto  tu  Bedford 

Raleigh  to  Willow  Point. ...;...  .do 
Wilton  to  Raleigh |  Jos.  C.  Xeely 


Built  by- 


Hugh  Carlisle 
Luke  Madden . 
John  B.  Reid  . 


Hugh  Carlisle 

D.  flayer  &  Co 

R.  G.  Houston  &  Co 

Jno.  B.  Reid 

(Jeo.  Arnold  &  Co  . . 


Cubic 
yards. 


243,903.3 
30,156.9 
90,002.2 

199,059.2 
41,287.7 

390,115.8 
63, 192. 5 
93, 062. 3 

126, 598. 2 
13, 020. 5 


I  1,299,398.6 

Expended  for  high- water  protectlun  and  engineering  expenses 

from  1882  to  Jiinnary  1,1891 


Total  coat  of  Louisiana  levees. 


Cost,  in- 
eluding  ex- 
tension 
work. 


$62,264.07 

7,244.02 

17,175.41 

42,228.81 
9,083.29 
93, 930. 58 
13, 709. 58 
17  293. 86 
22,811.53 
3,615.68 


288, 856. 78 
96,910.67 


385,767.46 


Location 

on  inch 

to  mile 

map. 


601-606 

589 

582-584 

578-581 
664-567 
561-564 
539^-644 
607 
564-f.67 
561-564 
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Appendix  B  1. 

RKPOKT  OF  WM.  P.   RICIIARDH,   SURVEYOR,  ON  8URVEYS    AND  OBSEBVATIONS,   THIRD 

DISTRICT. 

On  October  20, 1890,  a  survey  party  for  the  purpose  of  suryeys  and  observations  in 
TluTd  District,  Mississipni  River  was  organized  and  placed  under  my  charge. 
During  the  year  the  following  work  was  done. 

FIELD   WORK. 

Hydroffraphio  surveys  have  been  made  in  the  vicinity  of  Bolivar,  Ashbrook  Neck, 
Greenville,  Mayersville,  and  Raleigh,  in  addition  to  the  low-water  survey  of  Lake 
Providence  Reach. 

New  shore  lines  showing  changes  in  caving  bends  have  been  located  in  the  vicinity 
of  Bolivar,  from  Offutts  to  Greenville  and  from  Carolina  to  Point  Lookout  (Lake 
Providence  Reach). 

In  all  80  miles  of  shore  line  have  been  located,  one  hundred  and  sixty  ranges 
sounded,  and  twenty  triangulation  points  established. 

DISCHARGE. 

Three  sets  of  observations  of  low- water  discharge  was  taken  at  Wilson  Point, 
Louisiana. 

During  the  high  water  fifteen  observations  were  made  at  Arkansas  City  and  thirty- 
four  at  Wilson  Point. 

The  section  used  at  Arkansas  City  intersectrt  the  ArkansaA  shore  fit  the  same  point 
and  the  Mississippi  shore  at  a  point  100  feet  below  the  section  of  last  year. 

Stations  were  established  900  feet  apart,  those  next  to  shore  being  100  feet  from 
bank  line. 

The  steamer  Meter  was  msed  in  the  work  of  holding  a  Price  current  meter  at  the 
stations. 

The  meter  was  submen^ed  six-tenths  of  the  depth  aAd  was  held  by  a  small  wire 
cable,  having  a  lead  of  225  pounds  attached. 

Soundings  were  taken  with  a  cotton  line,  and  each  sounding  located  instrumen- 
tally. 

At  Wilson  Point  the  same  methods  were  observed. 

The  soelion  used  was  the  same  as  that  at  low  water,  and  is  100  feet  above  the  sec- 
tion of  the  year  previous. 

Results  01  field  computations  are  here  given. 

Siver  discharge,  MUHssippi  River  (approximate  results),  Arkansas  Cihf,  Arhinsas. 

[Width  maixi  river,  3,425  ftwt.] 


Mar. 


Bate. 


9t. 
l(>t. 
lit. 

12: 
13:. 

i«: 

171. 

18:. 
19:. 
2o:. 

21:- 
22:. 
23:. 
24:. 


1891. 


Gauge.* 


Beading. 


45.64 
45.80 
46.08 
46.36 
46.5.) 
46.65 
46.88 
46.93 
47.00 
47.13 
47.26 
47.34 
47.45 
47.  49 
47. 55 


Differ- 
enoe. 


+0.16 
+0.28 
+0.28 
+0.17 
4  0.12 
+0.28 
+0.05 
-t-0.07 
+0.13 
+0.13 
+  0.06 
+0.11 
+  0.04 
+0.06 


Area 

100 

square 

feet. 


2,049 
2,124 
2,100 
2,174 
2,191 
2,170 
2. 102 
2,203 
2.211 
2,201 
2,272 
2.245 
2,304 
2,309 
2,345 


Mean 
depth. 


Fe€t. 
59.8 
62.0 
61.3 
63.5 
64.0 
63.4 
64.0 
64.3 
64.5 
64.3 
66.3 
65.6 
67.3 
67.4 
68.5 


+Scour, 
-fill, 

100  square 
feet. 


+66 
-83 
+64 

+11 
-25 

+16 
4-8 
+  6 
-14 
+  66 
—29 
+  56 
+  4 
+83 


Mean 
velocity 

per 
second. 


Feet. 
5.74 
5.73 
6.42 
5.21 
5.32 
5.36 
6.48 
5.49 
5.35 
5.26 
6.16 
6.34 
6.35 
5.26 
6.40 


Discliarge,  1,000  cubic 
feet  per  second. 


River. 


1,177 

1,218 

1,139 

1,132 

1,165 

1,163 

1,204 

1,211 

1,183 

1, 157.  5 

1,171 

1,198 

1,233 

1,215 

1,265 


Over 
bank. 


2 

2 
3 
3 
3 

4 

4 

4 

4 

4.5 

5 

5 

5 

5 

5 


TotaL 


1,179 
1,220 
1,142 
1.135 
1.168 
1,167 
1,208 
1,215 
1.187 
1,162 
1,176 
4.203 
1,238 
1,229 
1.270 


*  Arliansas  City  gauge. 


t  Meter  used,  Price  No.  5. 


:  Meter  used.  Price  No.  8. 
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Biver  dischargef  MissUsippi  Biver,  (approximate  resnlU),  fVihon  Point,  LattiHana, 

[Width.  3,700  feet.] 


Date. 


1891. 


r.27*.. 

28*.. 

30*.. 

31*.. 

Apr.    1*.. 

2*.. 

3*.. 

4*.. 

7*.. 

8*.. 
10*.. 
11*.. 
18*.. 
14*-. 
16*.. 
16*.. 
17*.. 
18*.. 

ao*.. 

21*.. 
22*.. 
23*.. 
24*.. 
25*.. 
27*.. 
28*.. 
20*.. 
30*.. 
May    1*.. 

2t.. 

4t.. 

5t.. 

7t.. 


Gauge. 


Reading. 

-♦ 


40.66 
40.74 
40.85 
40.89 
40.93 
40.98 
41.00 
40.90 
40.82 
40.70 
40.74 
40.61 
40.51 
40.80 
40.24 
40.17 
40.08 
40.01 
40.00 
89.92 
39.87 
89.86 
80.86 
30.86 
89.01 
40.04 
40.06 
40.01 
30.91 
39.78 
39.59 
89.01 
38.63 
87.84 


Differ- 
ence. 


+0.08 
+0.11 
+0.04 
+0.04 
+0.05 
+0.02 
-0.10 
-0.08 
-0.03 
-0.06 
-0.13 
-0.10 
-0.21 
-0.06 
-0.07 
—0.09 
-0.07 
-0.01 
-0.08 
—0.06 
—0.01 


Area 

100 

BQuaro 

feet. 


+0.05 
+0.13 
+0.02 
—0.05 
—0.10 
—0.13 
—0.19 
—0.58 
—0.88 
—1.80 


2,135 

2,177 
2,172 
2,218 
2,233 
2,243 
2,219 
2,217 
2,230 
2,240 
2.267 
2,244 
2,283 
2,246 
2,229 
2,240 
2,245 
2,242 
2,231 
2,228 
2,240 
2,271 
2,303 
2,350 
2,352 
2,332 
2.328 
2,324 


Mean 
depth. 


2,241 
2,241 
2,217 
2,219 
2,200 


FMt 
56.2 
67.4 
5f.3 
58.5 
58.9 
59.2 
58.5 
58.5 
68.8 
59.3 
50.8 
69.2 
60.2 
69.3 

do.  O 

69.1 
69.2 
56.1 
58.9 
68.8 
69.1 
50.0 
60.8 
62.0 
62.1 
61.6 
61.4 
61.3 


+  Scour, 

-mi, 

100  square 
feet. 


60.1 
50.1 
58.5 
5a5 
67.0 


+30 

-  0 
+44 
+13 

-  8 
-25 
+  2 
+16 
+20 
+20 
-18 
+43 
-20 
-15 
+13 
+  7 


Mean 
velocity 

per 
second. 


-11 


+14 
+  31 

+82 
+47 


—26 
—  6 
•—2 


+  7 
—  2 
+  16 

+84 


Feet.  ' 
5.77 
6.78 
6.86 
5.58 
5.62 
5.81 
2.50 
5.80 
5.66 
5.70 
5.47 
5.62 
5.48 
.5.55 
5.68 
5.40 
5.40 
5.41 
5.24 
6.24 
5.26 
5.10 
5.13 
5.37 
4.01 
6.00 
5.01 
6.10 


DiAcharge,  1,000  cubic 
feet  per  second. 


River. 


1,232 
1,250 
1,278 
1,237 
1,256 
1,303 
1,824 
1,806 
1,262 
1,281 
1,239 
1,262 
1.250 
1,247 
1.258 
1,220 
1,232 
1,213 
1,160 
1.100 
1,176 
1,158 
1,181 
1,166 
1,164 
1,166 
1,168 
1,184 


Over 
bank. 


5.17 
5.15 
6.12 
4.98 
4.55 


1,158 
1,155 
1,136 
1,106 
090 


16 

10 
20 
21 
28 
22 
22 
22 
21 
20 
19 
18 
17 
17 
16 
16 
16 
16 
14 
14 
13 
13 
13 
13 
14 
15 
15 
16 


10 
7 
7 
5 
3 


Total. 


1,248 
1,278 
1,293 
1,268 
1,278 
1,326 
1,346 
1,328 
1,283 
1,301 
1,258 
1.280 
1,267 
1,2M 
1,269 
1,245 
1,247 
1,228 
1,183 
1,183 
1,189 
1,171 
1,194 
1,179 
1,168 
1,181 
1,183 
1,190 


1,168 
1,162 
1.143 
1,111 
1,002 


*  Keter  oaed.  Price  No.  6. 
Gauge  at  section  referred  to  datum  of  Wilson  Point  Gauge. 


t  Meter  used,  Price  Ko.  6. 


JHtekarge  measmremenU,  Mis9isHppi  Bioer,  Wilson  Point,  LouiHana, 

[Width,  3,645  feet.] 


Date. 


1800 

Dec28* 

20* 

30* 


Gkmge. 


Beading. 


10.03 

0.03 

10.26 


DifTer- 


—0.30 
—0.10 
+0.32 


Area. 


Square  ft. 
78,4K1 
79,007 
78,830 


Mean 
depth. 


Fe€i, 
21.5 
2L7 
2L6 


+Sconr 
—Fill. 


Square  ft. 


+    082 
—1,433 


Mean 

velocity 

per  second. 


Feet. 
3.328 
3,373 
3.334 


Discharge 
per  second. 


Ouhirft. 
261,178 
266,806 
262,806 


*  Meter  used,  Price  No.  6. 


OFFICR  WORK. 


Maps  have  been  plotted  from  the  original  notes  and  tracings  made  of  the  following 
snrvevs : 

Bolivar  surveys,  Greenville  Bends,  Bachelor  Bend  Atirveys.  upper  dikes  in  Green- 
ville Harbor,  Hydro^aphic  survey  of  Lake  Providence  Reach  (luw  water),  shore  line 
survey  of  Lake  Frovidence  Reach  (high  water),  aud  Kaleigh  survey. 


SOfiO      REPORT  OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

Approximate  resnlte  of  diRcbarge  observatioDH  taken  at  Arkansas  City  and  Wil- 
son Point  have  been  compnted  hy  method  of  partial  discharge^  the  areas  )>eing  ob- 
tained by  taking  depths  at  quarter  stationB. 

CAVING  BENDS. 

Bolivar. — ^A  Ahore-line  survey  was  made  in  this  vicinity  in  October,  1890,  and  a 
liydrographic  survey  in  May,  1891.  Both  surveys  show  caving  to  exist  from  the 
lower  end  of  revetment  work  to  Buck  Ridge  Landing,  a  distance  of  H  miles.  About 
halfway  between  these  points  the  caving  is  greatest,  amounting  to  700  feet  in  2 
years. 

Georgetown  Bend. — In  this  bend  caving  extends  from  Offutt\o  Ashbrook  Point,  a 
distance  of  5  miles.  Just  below  the  new  revetment  the  bank  has  receded  from  900 
to  400  feet  dnring  the  past  year,  and  Ashbrook  Neck  has  been  narrowed  to  2,150  feet. 

Bowdy  Bend, — Caving  continues  irom  one-half  mile  below  Qaines  Landing  to  Point 
Comfort^  distance  5^  miles. 

In  the  sharpest  part  of  the  bend  the  river  has  approached  200  feet  nearer  to  Pan- 
ther Forest  Levee,  and  is  now  within  650  feet  of  tne  levee. 

Miller  Bend, — Verv  little  change  has  taken  place  during  the  past  year.  At  the 
narrow  part  of  Tarpley  Neck  the  oank  remains  about  the  same. 

Spanish  Moss  Bend, — Just  below  Lin  wood,  and  at  small  stretches  along  Point  Chicot, 
has  occurred  some  slight  caving. 

Baohelor  Bend, — Caving  extends  firom  1  mile  above  Barnes  Landing  to  Davies 
Street,  Greenville ;  distance,  3  miles.  In  the  vicinity  of  Barnes  Landing  the  caving 
averages  300  feet  a  year. 

Just  above  Greenville  the  river  has  scoured  out  the  bank  behind  the  upper  dikea, 
the  extent  of  the  caving  at  places  amounting  to  900  feet. 

Lake  Froffidence  Bea3i, — On  Island  89  and  on  SaraJis  Island  near  the  head  of  the 
reach,  caving  has  been  very  slight  during  the  past  year. 

In  Louisiana  Bend  most  of  the  caving  is  taking  place  2  miles  below  Pilcher  Point 
Landing,  where  the  change  has  been  600  feet  the  past  year.  On  Island  92  caving 
continues,  and  the  bank  lines  of  Skip  with  Towhead  are  1,000  feet  farther  in  than 
the  lines  of  the  previous  year.  * 

At  Wilson  Point,  at  Mayersville,  and  at  Clover  Hill  caving  has  ceased.  Just  be- 
low Homochitto  Landing  changes  are  going  on,  and  much  of  the  dike  work  at  the 
head  of  the  Baleshed  system  is  ueing  washed  away. 

In  the  bend  from  Longwood  to  Providence,  a  distance  of  4  miles,  it  continues  to 
cave  at  the  rate  of  600  feet  a  year  with  the  point  of  maximnm  caving  moving  down 
the  river. 

At  Shipland  Point  and  at  Ajax  Bar  changes  have  been  great;  the  latter  has  almost 
disappeared,  and  the  current  will  soon  be  against  the  Louisiana  shore  in  that  lo- 
cality. 


Appendix  E  2. 

REPORT   OF    MR.  JOHN  J.  HOOPB8,    ASSISTANT    ENQINEBR,  OK  DISOHARGB  OBSRRTA- 

TION8  AT  ARKANSAS  CITY. 

These  observations  from  March  25  to  May  12,  are  the  continuation  of  a  series  be- 
gun by  W.  P.  Richards,  United  States  Surveyor,  who  was  transferred  to  Wilson 
Point,  La. 

The  velocities  were  taken  with  current  meter  at  0.6  depth,  and  the  revolutions  in- 
dicated by  a  telegraphic  sounder. 

Observations  of  6  or  more  niiuutes  were  taken  at  each  of  12  stations,  and  the 
revolutions  during  each  minute  were  recorded.  The  soundings  for  the  cross  section 
were  instrnmentally  located. 

The  width  of  the  section  was  3,427  feet. 

The  steamer  Vidalia  was  used  in  the  work. 

METERS. 

Price  meters  Nos.  4,  5,  and  6  were  used.  No.  4  was  used  on  March  25,  26,  and  27, 
while  No.  5  was  being  repaired,  and  again  on  May  2,  4,  6,  and  7,  while  No.  5  wan 
being  exchanged  for  No.  6. 

On  May  4  an  insulator  w:ia  taken  ont  of  No.  4  so  that  revolutions  iustead  of  half- 
revolutions  wnv  iudicnted  by  thesoinuU'r  and  the  bearings  wrrt'thorouglily  cleaned. 
The  observations  that  Ibllowcd  \vcr<'  (iiiite  Hatisfactory,  but  the  ratings  and  the  ob- 
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servatious  previously  taken  with  it,  were  bo  discordant  that  no  results  are  given  for 
them  in  tabulated  statements  accompanying  this  report. 

No.  5  meter  was  used  from  March  28  to  April  30,  but  as  the  result  of  the  field  com- 
putations showed  a  much  larjger  discharffe  nere  than  at  Wilson  Point,  this  meter  was 
taken  there  and  compared  with  and  exchanged  for  No.  6,  which  had  been  in  use 
there. 

The  latter  was  received  on  May  7  and  used  to  the  end  of  the  series.  A  direct  com- 
parison was  made  between  meters  Nos.  5  and  6,  on  a  section  of  the  river  near 
Greenville,  on  May  14,  by  pL'vcuig  both  meters  on  the  same  cord  2  feet  apart  and 
counting  their  revolutions  ilimnltHneously.  Eight  observations  of  6  minutes  each 
were  mnde  in  which  No.  6  made  0.01  less  levolutions  than  No.  5.  The  positions  were 
interchanged  and  seven  more  observations  were  then  luade  over  the  same  section 
and  in  these  No.  6  made  0.09  more  revolutions  than  No.  5. 

The  values  used  in  computing  the  discharge  from  the  observations  in  which  No.  5 
was  used  were  obtained  by  a  combination  of  ratings  at  varipus  times  by  different 
observers,  as  given  in  the  following  table : 


DflitA. 

Aathoilfcy. 

No.  Of 

obBOrva- 

tions. 

Bmo. 

Bating. 

Place. 

l^mArlcR. 

a 

ft 

1S90. 
Feb.   28 
Apr.  11 
1891. 
Jan.    19 
Mar.  28 

FredP.8 

FredP.S 

• 

Wm.  P.  II  •. 

J.  J.  H 

24 
29 

32 
13 
14 
40 

200 

200 

200 
400 
400 
200 

3.785 
3.791 

3.772 

4.050 
4.130 
3.733 

.253 
.204 

.203 
.142 
.027 
.310 

WilBon  Point 

.  ...do 

Running  water. 
Still  water. 

(ireenville 

Huntington 

. . .  .do 

Unnning  water. 
Still  water. 

Apr.  14 
May    3 

Do. 

W. p. K  ........ 

Wilson     Point, 
Loiiisiuna. 

Do. 

The  values  of  a  and  b  in  each  were  weighed  by  the  product  of  the  number  of  ob- 
servations by  the  length  of  base. 

This  gives  the  value  of  ^=3.862-f-.197. 

OTHER  SOURCES  Or  ERROR. 

To  test  the  soundings  made  with  cotton  line,  one-half  of  the  section  on  April  25, 
and  all  except  near  the  banks  on  the -27th  and  28th,  were  also  measured'  by  c&ifting 
soundings  with  a  15-pound  lead  attached  to  a  graduated  piano  wire  and  raised  and 
lowered  by  a  reel. 

The  sections  with  the  cotton  line  were  as  follows:  25 th,  1.5  per  cent,  less;  27th, 
0.8  per  cent,  greater;  28th,  0.3  per  cent,  greater. 

Surveys  of  the  direction  of  the  current  were  made  on  May  1  and  5  by  floating  a  14- 
foot  rod  submerged  12  feet  and  instrumentally  determining  its  position  when  cross- 
ing range  lines  255  feet  above,  and  308  feet  below  the  discharge  section. 

Each  of  these  surveys  showed  2  per  cent,  increase  of  velocity  due  to  this  cause. 
The  lateral  motion  of  the  boat  was  estimated  on  May  9  and  12,  and  the  computations 
from  these  fi^pres  showed  a  probable  average  of  about  0.5  per  cent,  increase  of  veloc- 
ity due  to  this  cause. 

The  observations  for  station  2  were  not  taken  at  its  proper  location  prior  to  April 
21,  but  this  fact  was  disregarded  in  the  first  computations,  thus  making  the  discharge 
about  .01  too  great.  A  reauction  of  .02  was  made  in  the  velocities  as  an  allowance 
for  these  various  small  errors. 

GAUGE  READINGS. 


The  gauge  readings  given  are  those  of  the  standard  gauge  at  the  elevator  on  right 
bank  2,570  feet  above  tne  discharge  section,  and  were  read  at  the  close  of  each  ob- 
servation, the  readings  being  immediately  preceded  by  the  soundings  for  the  cross 
section. 

Other  readings  of  this  an^  other  gauges  were  recorded,  but  are  not  given  in  this 
report. 

OVERFLOWED  BANKS. 

In  measuring  the  discharge  over  banks  the  velocities  wore  mei^ured  with  the  meter 
and  the  distances  by  stadia  measurements. 
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The  widths  of  the  aectiou  were: 

Feol. 

On  right  bank 260 

On  left  bank  via  an  old  levee 1,190 

Tlie  mazlmnm  discharge  was  about  8,000  cubic  feet  per  second. 

AM08  BAYOU  IWSCHARGE. 

The  volume  of  water  passing  around  the  end  of  the  levee  at  Amos  Bayou  as  ob- 
tained by  Assistant  Engineer  ToUinger,  on  March  28,  was  5,000  cubic  feet  per  second. 
A  table  of  the  results  of  tliese  observations  is  appended. 

Discharge  observations  at  Arkansas  City, 


D»te. 


1891 

Mar.  25*.... 

26*.... 

27*.... 

28t.... 

30t.... 

31t.... 

Apr.     v.... 

3t.... 

4t.... 

61.... 

71.... 

8t.... 

9t.... 

lot.... 

lit.... 
13t.... 

ut.... 

15t.... 
l«t.... 
18t.... 
20t.... 

ait.... 

22t.... 
23t.... 
24t.... 
25t.... 
27t.... 
28t.... 
28t.... 
30t.... 
May     2*.... 

4*.... 

6*.... 

7*.... 

St.... 

9:.... 
n:-... 
12:-... 


'    Ganges. 


Reading. 


47.70 
47.72 
47.82 
47.84 
47.90 
48.02 
48.10 
48.16 
48.20 
48.19 
48.16 
48.10 
47.99 
47.90 
47.82 
47.50 
47.49 
47.42 
47.31 
47.24 
47.20 
47.17 
47.13 
47.10 
47.16 
47.29 
47.47 
47.42 
47.33 
47.15 
46.50 
45.62 
43.87 
43.00 
41.72 
40.68 
38.22 
37.05 


Differ- 
eace. 


+0.02 
-hO.lO 
+0.02 
+0.06 
+  0.12 
+0.08 
+0.06 
+0.04 
—0.01 
—0.03 
—0.06 
—0.11 
—0.09 
—0.08 
—0.23 
—0.10 
—0.07 
—0.11 
—0.07 
—4).  04 
—0.03 
—0.04 
—0.08 
+0.06 
+0.13 
+0.13 
—0.06 
—0.09 
—0.18 
—0.65 
—0.88 
—1.75 
—0.87 
—1.28 
—1.19 
—2.31 
—1.17 


Area, 

100 

square 

feet 


2,367 
2,410 
2,367 
2,376 
2,360 
2,370 
2,362 
2,386 
2.372 
2,878 
2,4pl 
2,398 
2,345 
8,348 
2,359 
2,^17 
2,349 
2,344 
2,365 
2,323 
2,326 
2.321 
2,288 
2,315 
2,320 
2,311 
2,255 
2,288 
2,200 
2,253 
2,240 
2,264 
2,141 
2,101 
2,000 
2,035 
1,081 
1,912 


+ Scour 

and -mi, 

1,000 

SQiuire 

feet. 


+42 
—56 
+18 
—18 
+06 
—10 

+11 
—16 
+06 
+24 
—40 
-10 
+01 
+19 
—33 
+35 
-03 
+15 
-30 
+06 
-03 
-33 
+28 
+03 
-14 
-62 
+35 
—25 
—4)1 
+09 
+64 
—63 
—10 
+22 
—04 
+  25 
—20 


Mean 
vel<»city 

per 
seoond. 


Feet. 


5.72 
5.73 
5.83 
5.67 
5.64 
6.64 
6.62 
5.67 
6.65 
5.75 
6.58 
5.49 
5.39 
5.47 
6.32 
6.38 
6.32 
6.23 
6.36 
5.23 
6.29 
5.29 
6.30 
5.41 
6.43 
6.29 
6.24 


Discbarge,  1,000  cubic  liset 
per  second. 


River 
cbannel. 


1,869 
1,362 
1>882 
1,839 
1,846 
1,338 
1,336 
1,361 
1,333 
1,348 
1,307 
1,296 
1,249 
1,285 
1.247 
1,267 
1,286 
1,216 
1,244 
1,197 
1,226 
1.227 
1,225 
1,220 
1,242 
1,196 
1,181 


4.88 

1,106 

4.67 

1,000 

4.58 

962 

4.41 

917 

4  28 

861 

4.13 

818 

4.10 

784 

Over 
banks. 


7 
7 
7 
8 
8 
8 
8 
8 


8 
2 

1 


Total. 


1.1 

1,890 

1,880 
1,347 
1,364 
1,846 
1,344 
1,860 
1,841 
1,866 
1,814 
1.801 
1,864 
1,290 
1,262 
1,271 
1,240 
1,280 
1,248 
1,801 
1,220 
1.231 
1,220 
1,224 
1,246 
1,800 
1,185 


1,107 
1,001 
962 
917 
861 
818 
784 


*  Metre  used,  Price  Xa  4. 


t  Metre  used.  Price  No.  6. 


*  Metre  used,  Price  No.  6. 


Appendix  B  3. 


bstimate  of  mr.  henry  b.  richardson,  chief  state  engineer,  loxtisiana,  for 
levee  construction  in  louisiana  from  state  line  to  warrenton. 

State  of  Louisiana,  Board  of  State  Engineers, 

New  (h'JcanSj  June  5, 1S91, 

Dear  Sir:  I  herewith  submit  for  your  information  tlie  following  list^  which  gives 
the  approximate  amount  of  work  re(j[uircd  to  place  the  levee  line  along  the  Tensas 
Front  m  Louisiana,  between  the  Arkansas  line  and  opposite  Warrenton,  on  a  reason- 
ably Recnre  basis,  viz,  raiHiu^  the  grade  of  existing  levees  from  the  present  land  edge 
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of  crown  with  a  3  to  1  slope  to  3  feet  above  hi«li  water  of  1890,  and  giving  an  8-foot 
crown,  with  a  3  to  1  slope  on  river  side;  and  constructing  new  levees  where  the 
present  line  is  threatened  by  caving  river  banks,  to  a  grade  of  3  feet  above  high 
water,  with  an  8-foot  crown,  and  side  slopes  of  (3  and  3)  6  to  1. 


Location. 


LoDfth. 


Arkansas  line  to  Pilcher  Point 

Bunches  Bend 

Bnnches  Bend  to  Wilson  Point 

Wilson  Point  Levee 

Wilson  Point  to  Lonrwood 

Longwood  to  New  Elton 

New  Elton  Levee 

New  Elton  toHasaman 

Hagaman  to  WyHe 

Wyiie  to  Point  Lookout 

Do 

New  Concord  Levee,  1891 

Point  Lookont  to  Wilton, 

Wilton  to  Goodricb 

Goodrich  to  Pecan  Grove  Levee,  new  location 

Pecan  Grove  Levee  of  1890 

Pecan  Grove  to  Mascot 

Mascot  to  Omeea  Landing 

Omeca  to  Milliken  Bend 

Milliken  Bend  to  Cablnteele,  new  location  — 

Cabinteele  to  JeAries  Landing 

J«*fbios  Landing  to  Eloho 

Klrho  Levee — 

>:icho  to  Deha 

Delta  to  Bedford 

Do 

Total 


Feet. 

29,900 

49,700 
9.530 
8,009 

27,980 
7,152 

18,500 

12,900 

8,600 

9,000 

19,400 

3,329 

27,000 

12,600 

18,500 

15,800 
24,350 
10,900 
10,800 

7,300 
21,900 
26,982 
18,500 

2,100 
17,400 

8,674 
35,213 


Approxi* 
mate. 


462,119 


Cubic  yd*. 
167,440 
300,000 


122,960 
19,301 


50,810 
38,540 


150.000 


227,000 


502,000 

25,500 
170,450 

40,600 
9,000 

47,000 
464,000 

35,000 

38,000 


12,743 
"360,666 


2, 795, 844 


Bemarks. 


Repab^,  1890. 
BvSlt  in  1890. 


United  States  con- 
tract. 


Bepaired,  1890. 

District  contract. 

Bepaired.  1890. 
Caving   banks, 
wave  wash,  1891. 


Bepaired,  1890. 
Caving  banks. 

Built  in  1800. 
Repaired,  1890. 


87.5  miles. 

To  increase  the  land  side  of  present  line  to  a  uniform  slope  of  3  to  1  it  will  require 
about  700,000  cubic  yards  additional;  and  to  add  a  20-foot  banquette  on  laud  side, 
with  its  top  10  feet  below  grade  line,  it  would  require  about  500,000  cubic  yards. 

lu  this  list  I  nssiuue  that  the  Elton  Levee,  now  under  contract  by  the  United  States 
Engineers,  and  the  Concord  Crevasse  Levee,  now  under  contract  by  the  Fifth  Lou- 
isiana Levee  District,  are  provided  for. 

The  Fifth  District  also  has  some  stretches  of  raising  and  enlargement  under  con- 
tract, but  at  present  we  do  not  know  of  their  financial  ability  to  perform  the  work; 
80  we  consider  them  as  required. 
Yours,  most  respectfully, 

Henuy  B.  Richardson, 

Chief  State  Engineer, 
Capt.  CuBTis  McD.  Towxsend, 

Corps  of  United  States  Engineers, 
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REPORT  OF  CAPTAIN  WILLIAM  T.   R086KLL,   CORPS  OF    ENGINEERS,   UPON  A  LINE    TO 
CONNECT  ARKANSAS  RIVER  AND  MISSISSIPPI  RIVER  LEVEES. 


United  States  Engineer  Office, 

Memphis,  Tenn,,  July  15 f  1889, 

General  :  I  have  the  honor  to  submit  the  following  report  on  a  levee  line  to  con- 
nect the  Arkansas  River  system  of  levees  with  the  Mississippi  River  system  south  of 
the  Arkansas  River.  At  a  meeting  of  the  Mississippi  River  Commission  held  on  De- 
cember 3,  1888,  the  following  resolution  was  adopted : 

Judge  Taylor  moved  the  following: 

**Iii^oli>edf  That  Captain  Rossell  be  directed  to  make  a  survey  of  a  line  of  levees 
along  the  south  bank  of  the  Arkausas  River  to  a  point  where  it  can  be  tied  to  the 
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nearest  high  lands  or  joined  to  existing  levees,  and  to  report  to  tbe  Commission  bis 
ndgment  a«  to  the  value  of  such  a  line  of  levees  as  a  means  of  lowering  the  flood 
leights  at  the  head  of  the  Tensas  Basin,  with  any  facts  within  his  knowledge  bear- 
ing on  that  subject,  the  cost  of  the  survey  to  be  paid  out  of  the  allotment  for  sur- 
veys, third  district,  made  December  2.  18d8.'' 
Carried. 

The  area  in  which  this  survey  is  to  be  made  is  called  the  Arkansas  Basin,  and 
forms  the  lower  part  of  the  White  and  Arkansas  Basin,  which  is  described  on  the 
rommission  map  of  the  alluvial  valley  of  the  Mississippi  River  as  extending  from 
Helena  to  Arkansas  City.  Below  Arkansas  City  the  lowlands  subject  to  overflow 
are  called  the  Tensas  Basin.  The  dividing  line  between  these  two  basins  is  indeti- 
nit'C^,  and  although  from  the  map  it  would  seem  to  be  an  east  and  west  line  through 
Arkansas  City,  yet  in  building  levees,  and  in  many  of  the  reports  on  levees,  the  line 
from  the  bank  of  Amos  Bayou  along  the  south  line  of  Cypress  Creek  is  spoken  of  as 
the  head  of  the  Tensas  Basin.  I  believe  this  resolution  refers  to  this  line,  and  it  is 
to  determine  whether  the  building  of  the  line  of  levees  spoken  of  would  reduce  the 
flood  plane  at  and  strain  on  these  levees  that  the  survey  was  called  for.  My  imder- 
standing  of  the  resolution  is  as  follows :  That  I  am  required  to  make  a  survey  for 
the  line  of  levees,  and  to  report  to  the  Commission  my  judgment  as  to  the  value  of 
such  a  line  as  a  measure  of  lowering  the  flood  heights  along  the  present  levees  from 
Amos  Bayou  to  Arkansas  City.  If  reference  is  made  to  the  Conmiission  map  of  the 
alluvial  valley  of  the  Mississippi  River  it  will  be  seen  that  the  lowland  in  which 
this  levee  stands  is  subject  to  overflows  from  floods  in  the  White,  Arkansas,  and 
Mississipjii  rivers.  The  area  inclosed  between  the  Arkansas  River,  Mississippi 
River,  tne  lowlands,  and  the  levee  is  about  250  square  miles.  This  area  is  drained 
during  the  lower  stages  of  the  river  by  the  Arkansas  River  along  its  northern  bor- 
der, and  Cypress  Creek  along  its  southern  border.  During  the  overflow  of  1887,  the 
only  one  that  has  come  under  my  own  eye  in  which  the  swamp  was  well  filled,  the 
water  reached  its  highest  level  near  where  the  levee  crosses  Boggy  Bayou,  and  then 
flowed  in  both  directions,  part  into  the  Mississippi  through  Cypress  Creek,  and 
part  overflowing  the  banks  of  Amos  Bayou  flowed  down  tnrongh  the  back  bayous 
and  ]akc«  into  Red  River.  It  may  here  be  remarked  that  the  1887  flood  was  the 
highest  on  record  along  the  Opossum  Fork  Levee. 

The  overflows  of  1887  and  1888  are  the  only  ones  that  have  occurred  since  I  have 
been  in  charge  of  the  district,  and  in  both  cases  no  great  trouble  was  caused  by  the 
Arkansas  River.  ^ 

A  great  rise  coming  out  of  this  river  during  a  flood  ttom  the  Mississippi  would 
make  changes  which,  however,  I  believe  can  be  predicted  with  some  certainty. 
During  the  overflows  of  1887  and  1888  the  water  began  rising  against  the  levee  as 
soon  as  the  Mississippi  got  out  of  it»  banks,  but  Cypress  Creek  carried  off  this  water 
so  fast  that  the  rate  of  rising  along  the  levee  was  about  one-half  what  it  was  in  the 
main  river.  As  the  flood  increased.  Cypress  Creek  became  gorged,  and  the  water 
along  the  levee  rose  more  and  more  rapidly,  reaching  at  one  time  twice  the  rate  in 
the  main  river.  As  the  wave  reached  its  crest  in  the  main  river  this  ratio  decreased, 
and  Anally  the  water  reached  its  greatest  height  along  the  levee  and  in  l^e  main 
river  almost  at  the  same  time.  The  flood  of  1887  reached  46.65  feet  on  the  Arkansas 
City  gauge,  and  in  1888,  45.2  feet.  This  difference,  about  1|  feet,  represents  the  dif- 
ference iu  the  main  river,  yet  along  the  upper  part  of  this  levee  tne  difference  in 
these  years  was  i^  feet.  Had  the  Arkansas  River  poured  out  a  great  flood  at  the 
time  of  the  Mississippi  River  overflow  in  1887,  it  would  seem  probable  that  Amos 
Bayou  would  have  been  filled  up,  and  the  summit  level  of  the  water  would 
have  been  higher  and  farther  inland  than  Boggy  Bayou  at  the  levee  crossing.  Hie 
Arkansas  River  is  subject  to  sudden  and  violent  rises  coining  at  nearly  all  seasons  of 
the  year,  yet  in  the  majority  of  overflows  the  Mississippi  River  is  the  controlling 
element.  This  being  so,  to  get  the  best  effect  from  a  line  of  levees  connecting  with 
the  Arkansas  River  system,  the  line  should  connect  with  the  present  Mississippi 
River  system  nearer  the  Mississippi  River  than  the  Boggy  Bayou  crossing.  The 
above  facts  were  known  before  any  survey  was  made,  and  an  examination  showed 
that  no  line  could  be  built  connecting  the  Arkansas  River  levees  with  high  land 
that  would  have  any  effect  in  this  way.  The  question  then  reduces  itself  to  survey- 
ing a  line  to  connect  the  Arkansas  River  and  the  Mississippi  River  systems  of  levees, 
the  point  of  junction  being  no  farther  from  the  Mississippi  River  than  the  present 
Boggy  Bayou  crossing.  An  examination  of  the  map  will  show  that  this  can  not  bo 
done  without  crossing  Cypress  Creek,  and  thereby  oestroying  the  drainage  of  a  con- 
siderable part -of  the  low  land  lyin^;  between  it  and  the  Arkansas  River.  Still,  I 
believe  that  a  line  of  levees  terminating  on  the  north  bank  of  Cypress  Creek  would 
fill  the  spirit  of  the  resolution,  and  ordered  the  survey  made.  The  nearer  to  the 
Mississippi  River  this  junction  of  creek  and  levee  is  made  the  greater  will  be  the 
effect  in  lowering  the  flood  plane  along  the  Opossum  Fork  Levee.  At  the  time  of 
the  passage  of  this  resolution  all  levee  work  was  being  pushed  as  rapidly  as  pos- 


APPENDIX  ZZ — ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     3665 

sible,  an4  liigh  water  mi^ht  be  expected  at  any  time.  For  this  reason  the  survey 
was  pnt  off.  On  March  13,  1889,  steps  were  taken  to  organize  and  put  into  the  field 
a  survey  partv.  The  survey  was  intrusted  to  Assistant  Engineer  Henry  Goodrich, 
and  field  work  began  on  April  10,  1889,  and  was  finished  May  17,  1889.  Since  this 
time  the  calculations  have  Deen  made  and  other  work  done.  The  survey  was  care- 
fully made,  and  I  believe  the  estimates  can  be  relied  on  for  making  contracts  should 
the  work  be  ordered  by  the  Commission. 

The  lines  of  levees  surveyed  were  two,  which  for  convenience  are  called  the  front 
line  and  the  swamp  line,  llie  front  line  begins  about  18  miles  above  the  mouth  of 
the  Arkansas  River  near  Xancopin  plantation,  and  follows  near  the  river  for  a  dis- 
tance of  nearly  16  miles.  It  then  leaves  the  Arkansas  River  and  crossing  the  neck 
of  Caulks  Point,  comes  out  on  the  bank  of  Cypress  Creek  near  its  mouth.  The 
swamp  line  starts  at  the  saiue  place,  but  leaves  the  Arkansas  River  levees  about  11 
miles  from  the  starting  point,  crosses  the  swamp,  and  comes  out  on  the  bank  of 
Cypress  Creek  near  the  Boggy  Bayou  crossing.  Aoove  the  starting  point  the  Arkan- 
sas River  levees  are  said  to  be  in  good  condition  for  about  25  miles.  As  there  was 
no  reliable  data  to  be  obtained  as  to  the  high  water  along  this  line,  mud  marks  were 
used.  To  determine  the  highest  points  on  the  trees  thus  marked,  the  bank  was 
out  into  and  careful  examination  made  for  traces  of  sand  and  sediment  left  by  past 
floods.  The  grade  of  the  levee  i/v  as  then  placed  ^  feet  above  this.  On  closing  with 
the  present  Opossum  Fork  Levee,  it  was  found  that  the  grade,  agreed  closely  with 
the  grade  ordered  by  the  Commission  for  this  levee,  viz,  3  feet  above  the  hi^Iicst 
known  high  water.  The  cross  section  assumed  is  8  feet  crown  and  one-third  slopes 
front  and  rear.    The  estimates  for  the  two  lines  are  as  follows: 

Front  line,  1,021,198  cubic  yards,  at  20  cents $324,239.60 

Swamp  line,  1,249,800  cubic  yards,  at  20  cents 249,960.00 

I  am  of  the  opinion  that  the  building  of  the  swamp  line  will  have  but  little  effect 
in. lowering  the  flood  line  along  the  Opossum  Fork  Levee,  except  in  years  where  the 
Mississippi  River  overflow  is  augmented  by  a  great  flood  irom  the  Arkansas  River, 
and  in  this  case  perhaps  a  maximum  effect  of  2  foot  might  be  obtained.  However, 
this  line  of  levee  might  be  effective  in  lowering  the  flood  line  along  Amos  Bayou 
from  the  end  of  the  Opossum  Fork  Levee  to  the  high  land.  I  am  of  the  opinion  that 
this  is  not  a  matter  oi  great  importance,  as,  with  the  Tensas  Basin  closed  below, 
the  bayous  and  lakes  back  of  the  river  can  take  care  of  all  the  water  flowing  through 
Amos  Bayou.  * 

I  am  of  the  opinion  that  the  building  of  the  front  line  will  lower  the  flood  line 
along  all  of  the  Opossum  Fork  Levee  from  Lucca  Landing,  near  the  mouth  of  Cypress 
CreeK,  to  the  high  land.  The  water  along  the  levee  will  then  be  merely  water  backed 
up  Cypress  Creek,  and  can  nowhere  reach  a  higher  stage  than  at  the  mouth  of  the 
creek.  In  the  flood  of  1887,  the  high- water  line  would  have  been  reduced  near 
Boggy  Bayou  crossing  nearly  4^  feet  had  this  front  line  been  in  existence. 

I  am  not  required  to  examine  into  any  other  question  than  tiie  effect  of  the  build- 
ing of  this  line  in  lowering  of  the  flood  line  along  the  head  of  the  Tensas  Basin,  «and 
have  consequently  confined  myself  to  it. 

Very  ^respectfully,  your  obedient  servant, 

Wm.  T.  Rosskll, 

Captain  of  Engineers. 
Gen.  C.  B.  Comstock, 

Carps  of  Engineers f  U,  S.  A., 

President  Mississippi  Siver  Commission, 
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report  of  first  lieutenant  john  millis^  corps  of  engineers,  upon  opera- 
tions in  the  fourth  district. 

United  States  Engineer  Office, 

New  Orleans,  La. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  works  in  charge  of 
this  office  under  the  Mississippi  River  Commission  for  the  year  ending  .June  30,  1^91 : 

In  obedience  to  Special  Orders,  No,  202,  dated  Headquarters  of  the  Army,  A.  G.  O., 
August  29,  1890,  I  reported  here  for  duty  on"  October  11,  1890,  and  ('apt.  Dun  C. 
Kingman,  Corps  of  Engineers,  U.  S.  Anny,  whom  I  was  ordered  to  relieve,  after  vis- 
iting with  me  all  the  various  works  of  the  district,  left  for  his  new  station  on  No- 
vember 4, 1890. 

ENa  91 230 
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IMPROVKMENT   OF    THE    MISSISSIPPI   BIVKR  AT  NATCHEZ,  MISSISSIPPI,  AND  VIDALIA, 

LOUISIANA. 

The  project  for  this  improvemeut,  which  was  adopted  after  the  transfer  of  the 
work  to  the  Mississippi  River  Commission,  contemplated  the  prot-ection  of  caving 
banks  hy  submerged  sloping  spur  dikes  and  the  construction  of  a  levee  to  prevent 
the  flow  of  wat<^r  at  high  stages  of  the  river  across  the  narrow  neck  above  Natchez. 

The  estimated  cost  of  this  work  was  $760,000. 

No  construction  work  was  ever  done  under  this  project  owing  to  insufficient  funds. 

At  its  meeting  of  November  26,  1890,  the  Commission  directed  that  a  resurvey  of 
the  bank  line  in  the  vicinity  of  Natchez  be  made  extending  from  the  head  of  Giles 
Bend  to  just  below  Vidalia,  that  three  or  four  typical  cross  sections  be  sounded  near 
the  apex  of  each  bend,  that  aline  of  levels  be  run  across  the  narrow  neck  between 
Giles  and  Cowpen  bends,  aud  that  a  report  be  submitted  to  the  president  of  the 
Commission  showing  what  improvenionts  are  required  in  this  vicinity. 

For  making  this  survey  the  additional  sum  of  $1,500  was  allotted,  and  there  was 
on  hand  at  the  time  unexpended  a  balance  from  previous  allotment  of  $675.65. 

The  survey  has  been  completed  and  the  report  submitted  as  directed  by  the  Com- 
mission. 

IMPROVING  MISSISSIPPI    RIVEK    AT  NATCHEZ    AND  VIDAIJA,   MISSISSIPPI  AND    LOl'IS- 

lANA. 

Money  statennent. 

July  1,  1890,  balance  unexpended $675. 65 

June  SiO,  1891,  amount  expended  during  fiscal  year 675. 65 


(  Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1893  250, 000. 00 
<  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
(     harbor  acts  of  1866  and  1867. 

WOKKS  OF  IMPROVEMENT  AT  THE  JUNCTION  OF  THE    MISSISSIPPI,    RED,   AND  ATCIIA- 

FAI.AYA   RIVERS,  LOUISIANA. 

RECTIFICATION  OF  THE  RED  AND   ATCHAFALAYA. 

Tlie  conditions  of  the  river  channels  in  this  vicinity  are  somewhat  peculiar  and 
confusing.  In  the.  following  brief  description  the  terms  used  differ  in  some  respect* 
from  those  employed  in  previous  reports,  in  order  to  conform  more  nearly  to  the 
})resent  state  of  affairs  and  with  the  object  of  making  the  situation  clearer  to  per- 
sons'unfamiliar  with  the  locality  as  it  is  at  present  or  with  the  conditions  as  they 
existed  in  former  times. 

The  Red  and  Atchafalaya  may  now  bo  regarded  as  constituting  really  one  river, 
which  for  the  purposes  of  this  description  will  be  called  the  Bed'A.ichafalaya,  In 
the  vicinity  under  consideration  this  river  has  a  general  direction  parallel  to  that  of 
the  Mississippi,  and  approaches  it  at  TumbuU  Island  on  the  western  shore  to  within 
a  distance  of  about  6  miles.  This  point  of  near  approach  to  the  Mississippi  is  also 
the  point  of  division  between  that  part  of  the  first-mentioned  river  which  is  usually 
called  the  Red  and  that  part  to  which  the  name  Atchafalaya  is  applied.  At  TambaU 
Island  tliere  is  a  connecting  link  between  the  Mississippi  and  tlie  Red-Atchafalaya 
which  is  known  by  the  general  name  of  Old  River.  This  connection  starts  firom  tlie 
Mississippi  about  a  mile  above  Red  River  Landing,  at  a  point  which  is  sometimes 
referred  to  as  the  "  Mouth  of  Red  River,"  and  divides  into  two  parts  or  branches  abont 
li  mile  from  the  Mississippi.  One  branch,  called  liOwer  Old  River,  goes  direct  to 
the  Red-Atchafalaya  south  of  Tumbull  Island,  and  the  other,  called  Upper  Old  River, 
passes  around  the  north  side  of  the  island  and  also  unites  with  the  Red-Atchafalaya 
2  miles  above  the  point  where  Lower  Old  River  comes  in ;  but  before  reaching  the 
Red-Atchafalaya  the  Upper  Old  River  subdivides  at  a  point  about  If  miles  from  its 
western  end  into  throe  smaller  branches  called  Straight  Chute,  Middle  Chute,  aud 
Sugar  House  Chute,  respectively. 

The  channel  distance  from  the  Mississippi  through  Lower  Old  River  to  the  Red 
Atchafalaya  is  about  7  miles,  and  by  way  of  Upper  Old  River  the  distance  would  be 
about  9  miles. 

Tumbull  Island  was  formerly  a  long  neck  or  peninsula  of  land  in  a  bend  of  the 
Mis.siRsi])pi  and  on  tin*  eastern  bank,  an<l  the  island  was  formed  by  a  cut-oft"  inten- 
tionally made  in  IK^l  with  a  view  to  channel  improvement.  The  connecting  branches 
just  described  as  well  as   that  portion  of  the  Red-Atchafalaya  included  between 
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their  western  extremities^  now  occnpy,  although  they  by  no  means  fill,  an  old  bed 
of  tlie  Missisfiii^pi  Elver;  hence  the  term  "Old  River." 

This  description  is  not  absolutel.wcorrect  for  all  stages  of  the  water,  since  in  low 
water  the  bea  of  Upper  Old  River  is  dry  and  the  same  is  occasionally  true  at  certain 
points  in  Lower  Old  Kiver,  as  will  be  referred  to  later  on ;  while  during  flood  a  good 
portion  of  the  surrounding  country,  being  low  and  unprotected  by  levees,  is  under 
water. 

Under  favorable  conditions  Lower  Old  River  const itutes  a  navigable  connection 
between  the  Mississippi  and  the  Red-Atchafalaya,  and  accommodates  a  very  impor- 
tant river  commerce^  out  the  conditions  are  at  present  subject  to  such  changes  as  to 
cause  at  times  serious  deterioration  and  even  complete  interruption  of  this  connect- 
ing link  between  these  two  great  river  systems. 

In  order  to  properly  maintain  a  navigable  depth  in  any  sediment-bearing  water 
way  of  considerable  length  a  current  is  manifestly  essential,  since  without  a  flow  of 
the  water  of  sufficient  velocity  to  keep  the  channel  clear  a  deposit  of  sediment  and 
filling  up  of  the  water  way  will  occur. 

The  du'ection  and  force  of  the  current  in  the  branches  of  Old  River  will  evidently 
depend  upon  the  relative  height  of  the  water  in  the  Red-Atchafalay a  and  Mississippi, 
and  according  as  the  one  or  tlie  other  of  these  two  rivers  happens  to  be  the  higher, 
or  as  they  are  both  at  the  same  level,  the  current  through  Old  River  is  towards  the 
east,  towards  the  west,  or  is  nil.  In  the  first  case  there  is  a  greater  or  less  discharge 
from  the  Red-Atchafalaya  system  into  the  Mississippi;  or  otherwise  stated,  Red 
River  proper  has  then  two  outlets  or  branches,  one  through  the  Atchafalaya  and  one 
into  the  Mississippi,  while  the  discharge  of  the  Mississippi  is  confined  entirely  to 
its  own  channel. 

In  the  second  case  the  discharge  of  the  Red-Atchafalaya  is  confined  to  its  own 
channel,  while  a  portion  of  the  water  of  the  Mississippi  is  diverted  from  that  river 
and  passes  down  the  Atchafalaya. 

In  the  third  case  the  two  river  systems  are  independent  so  far  as  their  discharge 
is  concerned,  and  the  conditions  of  discharge  are  then  practically  the  same  as  would 
be  the  case  if  no  connection  existed. 

During  floods  the  state  of  affairs  as  above  described  has  often  been  greatly  modified 
by  the  giving  way  of  the  levees  on  the  Tensas  Front  of  the  Mississippi  River  and  else- 
where, out  the  levee  system  on  the  Mississippi  has  now  been  so  far  completed  that 
this  element  of  complication  may  be  regarded  as  practically  removed  from  the 
problem. 

The  condition  of  absolutely  no  current  in  the  connecting  link  is  comparatively 
rare,  but  the  current  is  frequently  so  slight  that  sufficient  deposit  occurs  to  seriously 
interfere  with  navigation,  and  during  tne  low- water  season  the  connection  has  at 
times  entirely  been  severed.  Moreover  the  unfavorable  conditions  are  aggravated 
no  doubt  by  the  division  of  the  connecting  channel,  since  when  a  current  does  exist 
at  medium  and  high  stages  the  effect  in  clearing  out  the  channel  is  weakened  by 
this  division. 

The  value  of  the  commerce  of  the  entire  Red-Atchafalaya  system  was  estimated  in 
1887  to  be  about  $40,000,000  annually.  For  the  low- water  period,  during  which  the 
difficulty  in  Old  River  occurs,  the  mileage  of  navigable  river  is  of  course  greatly 
reduced,  but  even  then  a  temporary  interruption  of  this  connection  with  the  Mis- 
sissippi is  a  serious  damage  since  the  system  has  no  practicable  outlet  of  its  own, 
and  no  other  connection  with  the  Mississippi  system,  while  the  permanent  closure  of 
the  connection  would  involve  a  loss  to  commercial  interests  and  to  the  community 
in  general  which  would  justify  a  very  large  expenditure  to  prevent. 

Tne  general  Object  of  the  works  of  improvement  now  in  progress  is  to  rectify  the 
defects  above  outlined,  and  it  is  proposed  to  effect  this  by  causing  a  separation  of 
the  Red  from  the  Atchafalaya  at  TumbuU  Island  for  all  stages  of  these  rivers  below 
medium  low  water  (about  10  feet  above  extreme  low  water),  making  the  Red  a  proper 
tributary  to  the  Mississippi  when  it  is  at  or  below  this  stage,  while  the  Atchafalaya 
becomes  at  the  same  time  an  outlet  or  '' diffluent '^  of  the  Mississippi.  The  plan  also 
cont-emplates  preventing  any  further  enlargement  of  the  Atchafalaya  or  any  detri- 
mental e^ect  on  the  channel  of  the  Mississippi  due  to  the  action  of  the  Atchafalaya 
as  an  outlet  or  diffluent  stream,  and  the  whole  work  is  designed  to  have  no  material 
effect  on  the  high- water  rdgime  of  the  various  rivers  involved,  and  to  produce  no 
greater  divnger  of  injury  to  property  from  overflow  than  now  exists. 

This  general  project  contemplates  the  following  work :  A  series  of  low  relief  dams 
or  sills  not  to  exceed  6  in  number,  to  be  built  in  the  Atchafalaya  proper  at  intervals 
of  about  a  quarter  of  a  mile.  These  dams  to  be  located  below  the  mouth  of  Bayou 
Des  Glaise,  near  Simnisport,  about  5  miles  below  TurnbuU  Island.  These  dams  are 
lesigned  to  prevent  further  enlargement  of  the  Atchafalaya  and  to  limit  its  discharge 
apacity.  They  are  t-o  be  built  up  of  successive  layers  of  mattresses  made  of  willow 
brush  and  timber,  ballasted  with  stone  and  intervening  layers  of  mixed  gravel  and 
clay.    The  foot  mattress  to  have  a  width  up  and  down  stream  of  about  300  feet,  and 
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the  mazimuin  depth  over  the  creet  of  the  dam  to  be  about  7  feet  at  extreme  low 
water.  The  high- water  discharge  over  these  dams  is  intended  to  be  equal  to  the 
flood  discharffe  of  Red  Riyer  proper,  or  about  200^600  cubic  feet  per  second. 

A  dam  is  ako  to  be  built  across  the  river  from  tiie  west  side  of  Tumbull  Island  to 
the  main  land.  This  dam  to  be  constructed  of  successive  layers  of  willow  and  tim- 
ber mattresses  with  stone  ballast,  its  crest  to  be  about  10  feet  above  low  water  and 
its  top  and  side  slopes  to  be  heavily  paved  with  rock.  The  foot  mattress  has  a  maxi- 
mum width  up  ana  down  stream  of  280  feet.  The  total  length  of  the  dam  proper  is 
1,125  feet,  and  of  the  shore-protecting  mattresses  about  2,700  feet.  The  maximum 
height  of  the  dam  is  27  feet. 

TnJB  dam  effects  the  separation  of  the  Red  from  the  Atchafalaya  at  all  stages  of 
the  water  below  the  level  of  its  crest  and  deflects  Red  River  through  Sugar-House 
Chute  and  Upner  Old  River.  To  complete  the  separation  of  the  Red  from  the  Atcha- 
falaya a  canal  is  to  be  cut  from  Upper  Old  River  across  Carr  Point  to  the  Missis- 
sippi, and  a  dam  or  obstruction  is  to  be  built  to  close  Upper  Old  River  below  the 
canal  at  some  point  opposite  the  pastern  end  of  Tumbull  Island. 

To  secure  a  navigable  channel  through  Upper  Old  River  it  is  to  be  deepened  by 
dredging  or  otherwise,  as  may  be  found  most  expedient. 

During  the  progress  of  the  above  work  an  attempt  is  to  be  made  toltemporarily 
maintain  navigation  through  Lower  Old  River  by  dredging,  washing  the  bottom 
with  steam  tugs,  or  by  other  expedients.  '^ 

Up  to  the  time  of  the  last  Annual  Report  the  following  work  had  been  accomplished : 

Two  of  the  sill  dams  in  the  Atchafalaya,  Nos.  1  and  3,  had  been  completed  and  the 
sill  or  foot  mattress  and  shore  prot'Cction  of  the  dam  at  the  head  of  Tumbull  Island, 
usually  referred  to  as  the  Red  River  Dam,  had  been  completed.  Th,e  temporary  work 
of  dredging,  scouring,  etc.,  to  keep  the  channel  in  Lower  Old  River  open  during  low 
water,  had  also  been  resorted  to  with  more  or  less  success  whenever  necessary. 

There  had  been  expended  on  the  work  up  to  that  date  since  its  charge  was  assumed 
by  the  Mississippi  River  Commission  the  sum  of  $413,768.57,  but  the  improvement 
had  not  reached  such  a  stage  as  to  have  any  direct  effect  in  increasing  the  depth  in 
Lower  Old  River,  the  immediate  object  of  the  portion  of  the  work  fint  undertaken 
being  to  check  further  deterioration  of  that  channel. 

At  the  beginning  of  the  year  the  value  of  material  for  construction  on  hand  was 
$22,6SK2.82,  and  there  was  a  balance  from  former  appropriation  of  $23,731.63. 

Repairs  to  the  plant  were  then  in  progress.  The^  were  completed  early  in  the 
season,  and  the  first  work  undertaken  was  dredging  in  Lower  Old  River  to  keep  t^e 
channel  open -during  low  water.  Though  the  water  went  down  to  2^  feet  for  a  few 
days  in  August,  the  channel  was  not  closed  entirely  at  any  time  during  the  season, 
6  steamers  having  passed  through  at  the  lowest  stage,  but  they  required  the  aid  of 
barges  belonging  to  the  fleet  which  were  used  as  lighters,  so  it  can  hardly  be  said 
that  a  navigable  channel  was  maintained,  though  the  interruption  was  of  only  a  few 
days'  duration. 

An  allotment  of  $225,000  was  made  for  this  work  from  the  appropriation  of  Sep- 
tember 19,  1890,  and  in  obedience  to  instructions  from  the  president  of  the  Commih- 
sion  the  following  project  was  submitted  for  contiuuing  the  improvement  on  Novem- 
ber 19,  1890: 

''It  is  proposed  to  continue  the  construction  of  the  dam  across  Red  River  and  to 
carry  this  work  as  far  as  possible  without  interrupting  navigation. 

''  It  is  also  proposed  to  begin  the  cut  across  Carr  Point  as  soon  as  practicable, 
and  to  do  this  work  by  dredges  working  at  both  ends  and  a  land  force  working  along 
the  whole  length  of  the  cut. 

''  It  is  expected  that  the  dam  will  be  completed  during  the  coming  season  of  high 
water,  and  it  is  proposed  to  deepen  the  best  channel  in  the  Upper  Old  Kiver,  through 
Sugar-House  Chute,  by  dredging  so  that  it  will  become  the  outlet  of  Red  River  and 
a  navigable  channel  during  tne  coming  low-water  season. 

**  In  case  the  cut  is  not  opened  by  the  time  of  the  next  low- water  season,  and  it  is 
not  probable  that  it  will  be^  it  is  proposed  to  establish  and  maintain  navigable  com- 
munication between  the  Mississippi  and  Red  Rivers  till  the  cut  is  completed  by 
such  dredging  as  may  be  necessary  Detwccn  the  upper  end  of  the  cut  and  tbto  Missis- 
sippi River. 

''After  the  completion  of  the  cut  the  Upper  Old  River  will  be  obstructed  below 
the  upper  end  of  cut. 

"The  caving  banks  have  caused  some  injury  to  the  shore  protection  of  the  com- 
pleted dams  in  the  Atchafalaya  River,  which  should  be  repaired. 

"After  the  completion  of  the  above,  it  is  proposed  to  construct  Sill  and  Dam  No. 
6  in  the  Atchafalaya  River  with  the  funds  that  may  be  available." 

At  its  meeting  of  November  27,  1890,  the  Commission  approved  the  above  project 
with  modifications,  as  follows : 

That  a  navigable  channel  be  secured  north  of  Tumbull  Island  before  the  Red 
Kiver  Dam  is  raised  above  the  second  tier  of  cribs. 
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That  the  Bec<md  tier  he  cpvered  with  a  layer  of  stone. 

That  the  portion  of  the  tliird  tier  of  crihs  already  hoilt  he  uBed  at  the  two  ends 
of  the  dam. 

That  the  dredging  of  Upper  Old  Riyer  he  undertaken  as  soon  as  practicahle  and 
carried  to  completion  hefore  any  dredging  work  is  commenced  on  the  canal  through 
Carr  Point.  * 

That  the  approval  of  the  project  for  Atchafalaya  Sill  and  Dam  No.  6  he  postponed 
until  a  suhsequent  meeting  of  the  Commission. 

In  pursuance  of  the  above,  work  on  the  lied  River  Dam  which  had  already  been 
begun  was  continued  and  preparations  made  for  undertaking  dredging  in  Upper  Old 
River.  Needed  alterations  and  repairs  were  made  to  the  dredge  Pah-  Ute,  and  a  lar- 
ger dredge  of  the  same  character  (Menge  patent),  calhnl  the  Mengcj  was  borrowed 
&om  the  plant  of  the  third  district.  This  dredge  also  required  extensive  repairs  and 
alterations. 

Dredging  was  begun  on  December  4, 1890,  and  continued  with  several  interrup- 
tions until  February  2,  1891,  when  operations  were  suspended  for  the  season  on  ac- 
count of  high  water.  The  work  done  was  mostly  in  the  shallowest  part  of  Upper 
Old  River,  just  beyond  the  point  where  it  divides  into  the  three  chutes,  and  near  the 
lower  end  of  Tumbull  Island.  This  work  was  prosecuted  under  rather  discouraging 
conditions  and  very  little  was  accomplished.  The  material  in  the  bed  of  Upper  Old 
River  is  a  very  soft  mud,  as  was  found  by  examinations  made  throughout  its  whole 
length,  and  when  brought  up  by  the  dredge  much  of  it  was  in  a  semiliquid  condi- 
tion. The  buckets  of  the  dredge  not  being  water-tight  much  of  the  material  ran  out 
of  them  as  they  came  above  the  water,  and  the  dump  scows  had  to  be  altered  to  hold 
it.  When  discharged  on  the  side  of  the  dredge  it  ran  back  into  the  excavation,  and 
there  was  ultimately  v6ry  little  greater  depth  where  the  dredges  worked  than  before. 
The  natural  forces  at  work  to  close  this  channel  are  believed  to  be  far  more  effect- 
ive than  any  efforts  it  has  been  practicable  to  make  to  produce  the  opposite  result. 

At  the  meeting  of  March  20,  1891,  the  commission  directed  that  the  Red  River  Dam 
be  raised  to  a  height  of  5  feet  above  low  water,  or  to  such  less  height  as  might  be 
deemed  necessary  by  the  officer  in  charge  to  create"  a  current  through  Su^ar-House 
Chute  sufficient  to  remove  solid  matter  in  suspension ;  that  with  the  aid  ofsuch  cur- 
rent the  excavation  of  Sugar-House  Chute  be  undertaken  by  stirring,  scraping,  lift- 
ing in  buckets,  lifting  by  pumps,  or  otherwise,  as  might  be  found  most  obedient ; 
that  all  excavation  at  Carr  Point  be  for  the  present  deferred;  and  that  Drush  be 
substituted  for  clay  and  gravel  in  the  Red  River  Dam. 

Dredging  was  resumed  accordingly  as  soon  as  the  water  fell  sufficiently, and  is  now 
in  progress  the  material  being  towed  away  and  dumped,  so  far  as  the  number  and 
capacity  of  the  dump  scows  available  will  permit,  and  the  remainder  of  the  material 
dredged  being  run  off  at  one  side  through  a  long  chute. 

The  rapid  &11  of  the  Mississippi  and  unusual  floods  in  the  Upper  Red  River  re- 
sulted in  a  very  strong  current  through  Old  River,  which  has  now  continued  for 
several  days,  and  the  Mississippi  has  a  decidedly  red  color  at  New  Orleans.  It  is 
hoped  that  these  conditions  may  assist  in  producing  more  noticeable  effects  from  the 
dredging. 

For  use  in  keeping  Lower  Old  River  open  during  low  water,  where  the  material  to 
be  moved  is  more  stable,  it  is  believed  tnat  the  dredging  plant  now  on  hand,  as  re- 
cently altered  and  improved,  will  prove  very  efficient. 

When  work  on  the  Red  River  Dam  was  stopped  by  high  water,  the  first  and  second 
tiers  of  cribs  had  been  sunk  for  a  length  of  210  feet  from  the  eastern  end  of  the  dam. 
The  cribs  for  completing  this  tier  were  moored  to  the  bank,  and  so  remained  during 
high  water.  Preparations  for  sinking  them  are  now  in  progress.  The  completion 
of  this  course  will  bring  the  top  of  the  dam  up  to  a  general  grade  of  1  to  3  feet  below 
low  water,  provided  no. further  settling  occurs.  The  greatest  settling  noticed  after 
sinking  of  cribs  was  finished  last  season  was  about  7  feet  at  one  point,  but  this  is 
probably  attributable  in  part  to  compression  of  the  structure  itself  and  not  whollv 
or  perhaps  not  at  all  to  subsidence  of  the  river  bottom,  since  a  large  amount  of  rock 
was  deposited  on  the  dam  after  the  last  cribs  were  sunk. 

The  line  of  the  proposed  Cair  Point  Canal  was  surveyed  and  negotiations  entered 
into  with  the  owner  tor  purchase  of  the  necessary  land.  Approval  of  the  purchase 
of  142. 5  acres  for  the  sum  of  $500,  was  received  from  the  Chief  of  Engineers,  but  no 
further  action  was  taken,  since  the  opening  of  this  canal  wiU  depend  upon  progress 
made  with  other  parts  of  the  work.  With  the  consent  of  the  owner  experiments 
were  made  with  the  dredges  at  the  western  end  of  the  proposed  canal  to  determine 
whether  they  could  be  used  to  advantage  in  opening  the  canal.  Considerable  diffi- 
culty was  encountered  from-  the  stumps  of  trees  which  ran  down  to  a  depth  of  20 
feet,  but  in  the  main  the  experiments  were  satisfactory. 

Caving  of  the  banks  has  continued  to  some  extent  in  the  vicinity  of  the  Atcha- 
falaya sill  dams,  and  certain  repairs  have  been  made  to  the  shore  protection  at  both 

BlIU. 
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During  the  high  water  several  leaks  apjieared  in  the  leveo  built  by  the  Uniteil 
States  in  connection  with  these  works  of  improvement  at  Simnisport  and  they  were 
stopped  by  throwing  in  earth  on  the  river  slope  of  the  embankment. 

In  addition  to  the  local  survey  of  Carr  Point  Canal^  a  topographical  snrvey  was 

Sreviously  made  of  the  entire  point  and  o^  a  portion  of  Turubull  Island  opposite, 
lesurveys  were  made  of  the  Atchafalaya  Koacli  in  the  vieinitx  of  the  sill  dams  and 
of  a  portion  of  Tumbull  Island  at  the  end  of  Red  River  Dam.  Drift  soundings  were 
recently  taken  in  Rod  River  above  and  below  the  dam  and  in  the  Atchafalaya. 

Serions  inconvenience  has  been  experienced  in  the  conduct  of  thi»  work,  owing  to 
its  being  situated  in  an  isolated  locality  with  the  nearest  telegraph  ana  railroad 
station  SO  miles  distant.  Labor  is  very  difficult  to  procure  at  any  price  during  the 
summer,  and  at  any  season  the  expense  of  conducting  the  work  is  necessarily  greater 
than  would  be  the  case  were  the  surroundings  more  inviting.  This  bein^  the  only 
available  place  under  control  of  the  Government  in  that  part  of  the  district  for  the 
storage  of^ tools  and  materials  used  during  floods  for  work  on  the  levees,  the  incon- 
venience of  the  lack  of  facilities  for  communication  was  most  emphatically  demon- 
strated daring  the  last  high  water,  and  recommendation  was  accordingly  made  and 
approved  for  the  construction  of  a  telephone  line  to  connect  the  works  with  West^ 
Melville,  the  nearest  station  on  the  Texas  and  Pacific  Railroad.  This  line  is  now 
bein^  erected,  and  in  addition  to  its  usefulness  during  high  water  it  will  greatly 
facilitate  the  direction  of  the  regular  work. 

ROCK  QUARRY. 

The  rock  for  the  Risd  and  Atchafalaya  improvements,  as  well  as  for  the  improve- 
ment at  Plaquemine,  La.,  which  is  in  charge  of  this  office,  but  not  under  direction 
of  the  Mississippi  River  Commission,  has  been  obtained  from  quarries  near  Harrison- 
burg, La.,  on  the  Ouachita  River,  about  80  miles  from  TurnbuU  Island* 

A  quarter  boat  with  men  and  tools  were  sent  up  and  work  begun  on  November  5, 
1890,  at  Harrisonburg.  By  February  15,  1891,  all  the  rock  that  could  be  advanta- 
geously procured  here  had  been  taken  out  and  the  force  waa  moved  to  a  new  quarry 
which  had  not  been  previously  worked  on  Raw  son  Creek,  a  tribatary  of  the  Ouachita, . 
which  comes  in  about  5  miles  above  Harrisonburg.  Hero  a  very  thick  ledge  of  ex- 
» cellent  rock  was  found,  and  the  force  continued  working  it  until  May  23, 1891,  when 
it  was  necessary  to  move  out  on  account  of  falling  river.  This  quarry  seems  to  be 
capable  of  supplying  a  large  amount. of  rock,  Itut  its  location  is  objectionable  since 
it  IS  3  miles  up  the  creek^  which  is  very  narrow  and  crooked  and  only  navigable  in 
high  water. 

A  transfer  was  then  made  to  quarries  previously  worked  on  Gaster  Creek,  where  a 
considerable  amount  of  rock  that  had  been  quarried  the  season  before  was  removed 
and  more  quarried  out.  When  the  stage  of  the  river  compelled  the  abandonment 
of  this  place  a  new  (][uarry  was  opened  on  BcBuf  River,  about  a  mile  above  its  junc- 
tion with  the  Ouachita.  This  quarry  promises  a  considerable  supply  and  the  place 
can  be  reached  more  easily  and  at  a  lower  stage  of  the  river  than  the  Rawson  Creek 
quarry. 

In  order  to  facilitate  operations  a  steam  drill  was  ordered  toward  the  latter  part 
of  the  season,  but  the  river  fell  so  rapidly  that  by  the  time  the  drill  arrived  it  was 
not  expedient  to  put  it  in  operation  this  season. 

In  all  16,306  tons  of  rook  have  been  taken  out  this  season,  of  which  5,192.1  tons 
have  been  delivered  at  Plaquemine,  3,952  tons  used  on  the  Red  River  Dam,  and  7, 162 
tons  placed  on  the  bank  at  Turnbuli  Island,  making  11,114  tons  delivered  for  the 
Red  and  Atchafalaya  works. 

Of  course  the  expense  of  the  quarry  is  borne  proportionally  by  the  Red  and  Atcha- 
falaya and  the  Plaquemine  appropriations.  Tne  average  cost  of  rook  delivered  at 
Turnbuli  Island  was  $1,918  per  ton. 

The  approximate  value  of  material  for  construction  on  hand  at  Tumbull  Island  is 
$49,175.33. 

The  work  recommended  for  the  ensuing  year  is  the  opening  of  the  Carr  Point 
Canal,  obstructing  Lower  Old  River,  and  completion  of  Red  River  Dam,  and  it  is 
estimated  that  $350,000  can  be  profitably  expended. 

This  work  has  been  under  the  immediate  charge  of  Assistant  Engineer  W.  O. 
Price,  assisted  since  December  6,  1890,  by  Assistant  Engineer  G.  Ed.  Mott. 
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IMPROVIKG    MISSISSIPPI    RIVER   (NO    LIMIT)^— RECTIFICATION   OF    RFD  AND   ATCHA- 
,  VK^K^K   RIVKllS. 

Money  statement.  - 

July  1,  1890,  balance  unexpended $23,731.63 

Amount  appropriated  by  act  approved  Sept(?iiiber  19,  189() 225, 000. 00 

248, 731. 63 
June  30,  1891,  amount  expended  during  fiscal  year 101, 622. 35 

July  1, 1891,  balance  unexpended 147,109.28 

• 

^^Amount  that  can  be  profitably  expended  in  fiscal  year  eudiu^  June  30, 1893  350,  OCK).  00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867. 

NEW  ORLEANS  HARBOR. 

The  city  of  New  Orleans,  with  its  various  suburbs,  lies  on  both  banks  of  the  Mis- 
sissippi River  at  a  distance  inland  of  104  miles  from  the  South  Pass.  This  pass  is 
the  oulv  one  of  the  numerous  mouths  of  the  river  having  sufficient  depth  of  water 
to  admit  seagoin|{  vessels  of  deep  draft,  and  it  therefore  is  the  entrance  from  sea- 
w^ard  to  the  Mississippi  River  and  the  harbor  of  New  Orleans.  The  city  is, the  me- 
tropolis of  the  South,  and  besides  being  the  most  important  seaport  on  the  Gulf  of 
Mexico,  ranking  seventh  among  the  ports  of  the  United  States  in  the  value  of  its 
imports,  while  m  the  value  of  exports  it  is  only  exceeded  by  New  York  City ;  it  also 
ranks  first  among  the  towns  on  the  Mississippi  in  the  commercial  importance  of  its 
river  traffic. 

New  Orleans  Harbor  as  at  present  developed  consists  solely  of  a  lens^h  of  about 
13  miles  of  the  Mississippi  River,  which  here  has  an  average  width  or  about  2,200 
feet,  and  it  comprises  four  comparatively  straight  reaches  of  various  lengths  and 
four  curves  or  bends,  two  of  these  bends,  the  one  at  Al/^iers  Point  and  the  one  at 
CarroUton  bein^  quite  abrupt.  The  depth  of  the  river  is  in  general  ample  for  the 
pur[)08es  of  navigation. 

The  entire  country  in  the  vicinity  is  of  alluvial  formation  and  is  consequently  low 
and  fiat,  being  highest  along  the  river  bank  and  having  a  gentle  slope  back  toward 
the  swamps.  During  floods  the  river  reaches  a  height  of  5  or  6  feet  above  the  high- 
est grounti  in  the  city,  and  the  levee8,*which  are  essential  for  the  prevention  of  over- 
flow, are  as  a  rule  necessarily  built  close  to  the  river  bank  in  order  to  meet  the 
requirements  of  the  various  interests  along  the  water  front. 

As  in  other  river  harbors  the  construction  of  regular  docks  or  slips  and  piers  is  as 
a  rule  impracticable,  owing  to  the  variation  in  height  of  the  water,  the  unstable  na- 
ture of  the  banks,  the  swift  current,  and  the  deposition  of  silt.  The  water  front  is 
occupied  principally  by  continuous  wharves,  to  which  vessels  must  moor  alongside; 
and  since  there  are  no  good  anchorage  grounds,  owing  to  the  current  and  the  great 
depth  of  water,  the  conditions  generally  in  the  harbor  are  such  as  to  require  an  unu- 
sual development  of  water  front  to  accommodate  a  given  amount  of  shipping. 

Although  the  condition  of  the  river  and  of  its  banks  below  Baton  Rouge  is  one  of 
comparative  stability,  when  contrasted  with  the  extraordinary  changes  which  often 
occur  above,  the  damage  that  results  from  even  slight  changes  of  the  river  in  a  port 
like  New  Orleans  becomes  serious.  In  general  the  action  of  the  river  is  to  undermine, 
cut  away,  and  cause  caving  or  sliding  down  of  the  banks  on  the  concave  shore  at  the 
bends  and  for  some  distance  below  them,  resulting  in  the  destruction  of  wharves, 
levees,  streets,  and  sometimes  of  sheds  and  buildings.  Where  this  action  occurs  on 
one  bank  a  deposit  of  sediment  and  consequent  shoaling  and  damage  to  the  water 
front  on  the  opposite  shore  usually  takes  place  also.  In  certain  localities  in  the 
straight  reaches  similar  destructive  eftects  have  been  produced  by  the  caving  of  the 
banks,  due  to  the  weight  of  masses  of  sediment  deposited  during  high  water,  which, 
when  deprived  by  the  falling  river  of  the  support  which  the  water  afforded  during 
flood  time,  causes  large  portions  of  the  bank  to  crack  oft*  and  slide  down.  This  ac- 
tion usually  takes  place  only  during  falling  water,  but  the  destructive  eft'ects  in  the 
bends  ^oes  on  to  a  greater  or  less  extent  at  all  stages  of  the  water,  and  in  addition 
to  the  immediate  damage  on  the  water  front  there  is  the  danger  of  much  more  serious 
disaster  resulting  from  the  breaking  of  the  levee  during  high  water,  and  flooding 
the  city. 

The  object  of  the  works  of  improvement  in  New  Orleans  Harbor  is  to  check  and 
if  possible  prevent  the  detrimental  action  of  the  river,  as  above  described,  and  to 
maintain  the  river  bed  and  banks  in  a  condition  of  permanency. 
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Uiuler  the  approved  project  the  wojk  now  ^in  progress  to  accomplish  the  above 
objects  consiHtH  iu  the  coDstrnction  otsubmerffed  incliued  spur  dikes  along  the  cav- 
ing haiikH,  Avliich  extend  out  normally  to  the  bank  line  at  intervals  of  from  500  to 
1,600  feet.  ^ 

Each  spur  dike  rests  on  a  wide  mattress  made  of  willows,  brnsh.  and  timber,  which 
is  Slink  in  place  by  being  loaded  with  stone,  and  which  is  intenaed  to  prevent  any 
scouring  action  on  the  nver  bottom  by  eddies  or  local  currents  which  may  be  pro- 
duced by  the  dike.  On  this  mattress  the  dike  is  built  'up  by  sinking  successive 
layers  of  mattresses  or  cribs  of  diminishing  widths,  the  construction  of  ^sniich  is  sim- 
ilar to  that  of  the  iirst  mattress  except  that  they  are  made  thicker.  The  work  is  so 
planned  that  the  top  of  the  completed  dike  at  the  shore  end  will  be  below  low  water 
line,  and  the  crest  of  the  dike  has  an  apx^roximately  regular  slope  of  about  3  hori- 
zontal to  1  vertical,  its  outer  end  resting  on  the  river  bottom  in  deep  water.  In  the 
vicinity  of  wharves  and  docks  the  crest  of  the  dike  is  placed  low  enough  so  it  will 
not  iuterfere  with  vessels,  but  in  other  localities  the  crest  has  been  continued  up  to 
and  united  with  the  crest  of  the  levee  or  the  bank  by  an  earth  embankment  paved 
with  stone. 

lliese  structures  are  designed  to  check  the  velocitv  of  the  current  along  the  shore 
and  thus  diminish  the  erosion  and  caving  of  the  bank  and  cause  deposit  of  sediment 
and  the  restoration  of  the  bank  line. 

In  certain  localities  their  direct  effect  in  bracing  up  the  bank  and  so  preventing 
the  caving  which  is  liable  to  take  place  during  the  falling  of  the  river  is  also  believed 
to  be  beneficial. 

When  this  form  of  structure  is  used  where  the  existing  slope  of  the  submerged 
portion  of  the  river  bank  is  not  steep  the  foot  mattress  probably  becomes  the  most 
important  part  of  the  spur  and  the  dikes  act  more  as  an  luterrupted  bank  revetment. 

The  following  work  of  improvement  in  general  accordance  with  the  project  as 
above  outlined  had  been  done  prior  to  July  1,  1890: 

•A  continuous  mattress  about  400  feet  iu  length  had  been  placed  just  above  the 
caving  bank  in  Carrollton  Bend,  but  this  form  of  protection  was  afterwards  aban- 
doned. 

8ix  spur  dikes  had  been  built  in  the  Gouldsboro  Bend,  two  in  the  Greenville  Bend, 
and  four  in  the  third  district  reach ;  and  surveys,  plans,  and  estimates  for  continu- 
ing the  work  had  been  made. 

At  the  beginning  of  the  year  the  balance  available  was  $48,515.36,  and  there  was 
on  hand  material  for  construction  valued  at  $11,399. 

The  upper  works  of  the  tn^  Tildaj  which  had  been  burned,  were  first  rebuilt 
damage  to  her  machinery  repaired,  and  tools  and  fittings  which  had  been  destroyea 
were  replaced.  As  soon  as  these  repairs  were  completed,  the  fleet  of  barges  was 
towed  to  the  vicinity  of  Bayou  Sara,  Louisiana,  to  cut  willows  for  the  season^  work. 
Labor  was  very  scarce  and  ilifflcult  to  obtain  at  that  season,  cmd  the  barges  did  not 
return  till  September  19.  In  the  mean  time  repairs  to  the  remainder  of  the  plant  were 
made  and  new  crib  and  mattress  ways  were  built.  Upon  arrival  of  the  willows  the 
construction  of  mattresses  and  cribs  was  commenced. 

On  October  15,  1890,  the  allotment  of  $90,000  for  this  work,  i^om  the  appropriation 
of  September  19,  1890,  was  approved,  and  in  obedience  to  the  instructions  of  the 
president  of  the  Commission  the  following  project  was  submitted  for  carrying  on  the 
work: 

It  is  proposed  to  complete  the  six  spur  jetties  now  in  process  of  construction  in  the 
Carrollton  fiend  at  Southport,  and  to  put  in  six  spur  jetties,  or  such  less  number  as 
the  funds  available  will  allow,  on  the  left  bank  of  the  river  in  the  third  district  of 
the  city  of  New  Orleans,  these  jetties  to  be  located  approximately  as  shown  on  the 
accompanying  map,  and  to  be  similar  iu  design  to  those  already  built  opposite  the 
Ursuline  convent. 

"  Spur  No.  4,  in  the  Carrollton  Bend,  is  completed,  and  the  mattress  for  Spur  No.  3 
nearly  ready  to  sink.  Upon  completion  of  Spur  No.  3,  should  there  be  no  further 
caving  just  below  Spur  No.  4,  where  caving  has  recently  taken  place,  it^is  proposed 
to  construct  first  Spur  No.  1  and  then  Spur  No.  5  in  the  third  district.  Should  the 
caving  continue  below  Spur  No,  4  in  the  Carrollton  Bend,  Spur  No.  5  should  be  com- 
pleted before  the  force  is  transferred  to  the  third  district,  and  in  any  case  it  i^  pro- 
posed to  carry  the  two  works  along  so  as  to  best  arrest  and  prevent  caving  of  the 
river  bank. 

*^  It  is  also  proposed  to  make  such  surveys  in  the  harbor  as  may  be  necessary  to 
ascertain  the  effect  and  present  condition  of  works  already  completed,  and  to  pro- 
vide for  the  care  and  repair  of  the  plant  when  not  in  use  till  the  beginning  of  the 
next  working  season." 

This  project  having  been  approved  December  16,  1890,  work  was  continued  ac- 
cordingly. 

An  additional  allotment  of  $10,000  for  the  work  was  made  November  26, 1890. 
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The  construction  of  the  mattress  for  Spur  Dike  No.  4  was  commenced  September 
24.     It  was  Slink  November  7,  and  the  dike  compb^led  JSnveinber  18. 

The  mattress  fur  JSpur  Dike  No.  3  was  c«^iriinoncrd  (Jctul)erG;  it  was  sunk  N<»v<'niber 
21,  and  the  dike  completed  December  22. 

As  there  were  still  indications  of  continued  caving  below  Dike  No.  4,  Dike  No.  5 
was  next  built  in  pursuance  of  the  project.  The  mattress  was  commenced  December 
22  and  sunk  January  13,  1881.  The  dike  was  completed  January  22.  The  height  of 
the  river  prevented  ftirther  construction  work  for  this  season,  and  the  fleet  was 
taken  to  layins-up  quarters  and  needed  repairs  to  plant  at  once  begun. 

During  the  latter  part  of  the  construction  operations  the  supply  of  willows  was 
exhaust^  and  it  became  necessary  to  procure  an  additional  supply  in  open  market, 
which  caused  considerable  delay  and  additional  expense. 

The  principal  dimensions  and  field  cost  of  the  dikes  constructed  were  as  follolrs : 


No. 

* 

Dimensions  of  foot  mattresses. 

Greatest 
height. 

Cost. 

t 

415  by  140 . 
355  by  130  . 
400  by  120 . 

Feet. 

Fwt. 
45 
50 
40 

$U,632.05 
18, 008. 60 

4 

....•...............^..... ............... ....... 

5 

10,901.79 

Near  the  close  of  the  work  the  tug  Tilda  lost  her  wheel  and  the  outboard  end  of  her 
shaft.  Her  crank  had  previously  been  broken  and  temi)or:irily  repaired,  and  so  she 
was  put  in  dock  and  a  new  wheel,  shaft  and  crank  complete  litted.  In  making  these 
repairs  It  was  found  that  her  timbers  and  planking  were  in  such  a  rotten  condition 
that  it  was  necessary  to  largel^jr  rebuild  her  hull.  She  was  also  furnished  with  a 
powerful  stecun  pump  for  pumping  out  the  barges  and  as  a  protection  to  the  fleet 
against  fire. 

Bepairs  were  also  made  to  the  barges  and  a  house  built  on  one  of  them  to  serve  as 
a  warehouse.  The  old  warehouse  barge,  being  rotten  beyond  economical  repair, 
w^as  beached,  and  it  will  be  used  for  the  storage  of  worthless  material  until  disposed 
of. 

Extensive  repairs  to  the  hull  of  the  quarter  boat  were  also  necessary  and  are  now 
in  progress.  The  steam  launch  No.  1  was  condemned,  her  machinery  being  worn  out 
and  her  hull  so  badly  rusted  as  to  be  useless.  Steam  launch  No.  5  was  transferred 
to  this  district  from  the  secretary  of  the  Commission  and  arrived  May  16.  She  has 
already  proved  a  very  useful  boat  for  this  work. 

A  survey  was  made  by  Assistant  Engineer  Hardee  in  August,  1890  of  a  portion  of 
the  river  m  the  third  district  reach,  on  the  left  bank^  just  above  the  spur  dikes  built 
in  1889,  adjacent  to  the  Ursuline  convent,  upon  which  the  project  for  works  of  im- 
provement in  that  locality  was  based.  Mr.  Hardee  also  made  a  survey  in  October  of 
the  completed  work  in  the  Gouldsboro  Bend,  right  bank,  to  determine  the  condition 
and  effect  of  the  six  spur  dikes  which  were  completed  in  1888,  and  the  bank  line  in 
this  vicinity  has  recently  been  surveyed  again. 

The  contours  have  been  platted  in  connection  with  those  determined  by  surveys 
made  before  the  work  was  begun.  They  show  that  the  dikes  are  apparently  intact, 
and  that  there  has  been  no  damage  to  the  levee  or  water  front  of  any  consequence, 
though  there  has  been  some  slight  caving  of  the  bank.  In  deep  water  beyond  the 
foot  of  the  spurs  the  100-foot  contour  seems  to  have  been  moved  out  towards  the 
center  of  the  river,  but  between  the  spurs  there  has  been  a  noticeable  cutting  or 
scour.    The  bend  in  the  river  here  is  very  gentle. 

Assuming  that  the  immediate  object  of  the  work  was  to  arrest  the  progress  of  cav- 
ing and  to  save  the  levee  and  property  or  shore  from  destruction,  or  at  least  to 
greatly  prolong  their  existence,  the  work  has  undoubtedly  been  a  success,  and 
there  has  been  a  material  diminution  of  the  current  along  shore;  but  the  secondary 
result  which  was  hoped  for ;  that  is,  a  deposit  between  the  dikes  and  a  building  out 
of  the  bank  line,  has  evidently  not  taken  place,  nor  is  it  likely  to.  The  apparent 
moving  out  of  the  100-foot  contour  is  not  regarded  as  a  direct  and  beneficial  result, 
positively  attributable  to  the  dikes  alone. 

On  the  night  of  March  16  the  levee  between  the  two  spur  dikes  in  the  Greenville 
bend  broke,  and  the  crevasse  gradually  enlarged  so  that  the  downstream  side  of  the 
opening  finally  extended  beyond  the  lower  spur  about  600  feet  and  the  upstream 
end  reached  the  upper  one.  This  crevasse  has  doubtless  largely  undone  the  benefi- 
cial results  produced  by  the  dikes,  but  a  survey  to  determine  the  extent  of  the  injury 
has  not  yet  been  made. 

The  four  spur  dikes  in  the  third  district,  built  in  1883,  are  in  apparentlv  good 
condition  and  liave  accomplished  the  object  for  which  they  were  huilt.  there  having 
been  no  eaving  in  their  immediate  vicinity  since  their  completion.    These  dikes  di£ 


3674      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMY. 

fer  from  other  Bimilar  works  in  the  harbor  in  being  connected  with  the  main  levee 
by  spur  levees  built  of  earth  and  paved  with  stone,  running  out  over  the  "battnre" 
and  down  to  the  head  of  the  dike  proper.  This  portion  of  fhe  dike  was  designed  to 
induce  deposit  on  the  batture  and  restore  bank  lost  by  caving. 

In  the  CarroUton  Bend  local  caving  in  the  vicinity  of  the  spur  dikes  built  last  fall 
was  not  entirely  arrested,  and  a  portion  of  the  wharf  %pd  shed  of  the  Louisville,  New 
Orleans  and  Texas  Railroad  Company,  which  was  situated  immediately  on  the  bank 
at  the  head  of  the  Spur  Dike  No.  4  has  been  destroyed,  and  it  has  been  necessary  to 
move  a  portion  of  the  railroad  track  leading  to  the  wharf. 

This  confirms  the  prediction  of  my  predecessor  in  this  o£9ce,  who  in  his  last  annual 
report  expressed  grave  doubts  of  the  work  being  completed  in  time  to  save  this 
property,  and  it  is  probable  that  if  the  work  is  completed  in  accordance  with  the 
present  project  there  will  be  considerable  caving  between  the  dikes  before  the  river 
and  bauK  assume  a  condition  of  stability,  and  that  a  sacrifice  of  a  certain  amount 
of  bank  wiU  be  unavoidable. 

As  soon  as  the  sta^e  of  water  will  permit  and  the  willows  which  are  now  being 
cut  arrive  construction  work  will  be  resumed,  beginning  on  Spur  Dike  No.  1,  in  the 
third  district  reach. 

A  house  has  been  leased  in  the  vicinity  and  fitted  up  for  quartering  and  subsisting 
workmen,  as  the  repairs  to  the  quarter  boat  will  not  be  completed  for  several  weeks. 
A  considerable  amount  of  rock  ballast,  brought  in  vessels  to  the  harbor,  has  been 
purchased,  and  there  is  now  nearly  enough  on  hand  for  the  season's  work. 

The  construction  of  two  additional  barges  at  an  estimated  cost  of  $3,500  is  rec- 
ommended. 

The  tug  Tilda  has  cost  for  repairs  and  improvem^Ui  during  the  year  $4,750.37. 
Iler  estimated  value  before  her  house  was  burned  off  was  $5,000.  At  this  date  she 
i8  again  disabled  and  laid  up  with  a  broken  wheel. 

The  following  vessels  not  belonging  to  the  regular  fleet  of  the  district  were  re- 
quired for  the  work  during  the  past  year  and  they  rendered  service  as  stated: 

Days. 

Snag  boat  Florencej  borrowed  from  Captain  Willard,  for  work  during  high  water  61 

Tug  Parker  J  borrowed  ftom  Captain  Townsend,  for  work  during  hign  water 37 

Tug  Laurelf  chartered  for  discharge  observation  party  at  Warrenton  and  Natchez  40 
Tug  Alert,  chartered  to  take  place  of  Tilda  in  New  Orleans  Harbor  work  while 

latter  was  disabled 86 

Tug  Corsair,  chart<?red  to  take  place  of  TUdAiin  New  Orleans  Harbor  work  while 

latter  was  disabled 2 

It  is  obvious  that  the  district  is  deficient  in  towboats. 

The  steamer  Netvton  is  economically  employed  during  only  a  portion  of  the  year, 
and  for  the  remainder  of  the  time  the  service  which  she  renders  could  be  performed 
by  a  smaller  bX)at  at  less  expense. 

The  tu^  Tilda  is  too  small  for  the  work  of  the  harbor,  as  the  necessary  frequent  re- 
pairs indicate,  and  though  she  is  in  excellent  repair  now,  her  wooden  hull  has  a  lim- 
ited life. 

It  is  therefore  recommended  that  an  iron-hull  tug  be  procured  for  the  work  of  the 
harbor,  which  will  also  be  available  for  towing  barges  about  the  district  for  protec- 
tion work  during  high  water,  towing  willows  and  rock,  and  for  any  other  service 
required.  There  is  ample  depth  of  water  to  allow  such  a  boat  to  go  anywhere  in  the 
district,  and  it  is  believed  she  would  render  more  efficient  and  economical  service  for 
a  good  portion  of  the  time  than  is  now  rendered  by  the  Newton;  and  when  the  New- 
ion  gets  beyond  economical  repair  it  may  not  be  necessary  to  replace  her.  Such  a 
boat  could  probably  be  obtained  for  $26,500;  making  the  estimate  for  new  plant — 

Two  barges,  at$l,750 $:^,500 

Iron  hull  tug 26,500 

Total 30,000 

Thenvork  recommended  to  be  done  in  continuation  of  the  general  project  is  bank 
protection  to  arrest  caving  between  Carrolltou  Bend  and  Exposition  Wharf  on  the 
left  bank,  where  the  caving  has  already  reached  the  levee  in  t\vx>  places,  and  in  the 
vicinity  of  Soraparu  street  on  the  same  bank  opposite  Gretna,  where  the  street  and 
car  track  have  been  entirely  cut  off  at  one  point  and  seriously  threatened  at  another 
by  caving. 

It  is  estimated  that  the  sum  of  $200,000  could  be  profitably  expended  during  the 
year  ending  June  30,  1893. 

The  work  of  improvement  in  New  Orleans  Harbor  was  in  local  charge  of  Assistant 
Engineer  Douglas  until  November  7,  1890,  when  he  was  relieved  from  that  duty  to 
take  charge  of  levee  work  which  was  at  that  time  being  undertaken  on  an  extended 
scale.    Since  that  date  Assistant  Engineer  Garvin  has  had  charge  of  the  harbor  work. 
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IMPROVING   MISSISSIPPI  RIVKK  (XO   LIMIT)— NEW  ORLKAN8  HARBOR,  LOUISIANA. 

Money  statement.     ' 

July  1, 1890,  bal&nce  unexpended $48,519.62 

Expenses  Office  Chief  of  Engineers 112,00 

Balance  unexpended 48, 407. 02 

Amount  appropriated  by  act  approved  September  19,  1890 100, 000. 00 

148, 407. 62 
June  30,  1891,  amount  expended  during  fiscal  .year 78, 688. 08 

July  1, 1891,  balance  unexpended 69,719.54 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893  200, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867. 

At  the  time  of  the  last  Annual  Report  no  levee  work  was  in  progress  under  direc- 
tion of  this  office. 

The  following-named  levees  had  been  built,  in  whole  or  in  part,  enlarged,  or  ex- 
tensively repaired  by  the  United  States  previous  to  that  date,  and  were  generally 
known  as  United  States  levees : 


Name  of  levee. 


Ab(n}e  Bed  River. 

Point  Pleasant 

Hard-Timee- Wilson 

Hard  Times 

Evergreen 

Hardacrabble  and  Bondarant 

Kempe 

Lake  Concordia 

Qreens  toFairview 


Total. 


Bel9W  Red  River. 

Atchafalaya  Hirer  to  Bed  Kiver  Landing 

Hed  Rivor  Landing  downstream 

Hog  Point  to  Raocoorci 

iRaccourci  crevasses 

Morgan  sa 

Stewarts 

Point  Conpee 

Bonnet.Carrd 


Total 

Total  tn  district. 


Below 
Cairo. 


MiUe. 
624 
631 
633 
636 
640 
659 
693 
722 


762 

766 

767i 

784 

789 

791i 

797 

927 


Bight  or  left 
bank. 


Right. 
. .  .do  . 
. .  .do  . 
. .  .do  . 
. .  .do  . 
...do. 
. .  .do  . 
. .  .do . 


Bight. 

do  . 

— do  . 

do  . 

— do  . 

do  . 

. . .  .do  . 
Left  .. 


Approxi- 
mate 
length. 


MiU*. 

5.0 

10.2 

0.8 

2.0 

5.2 

3.9 

18.5 

11.0 


56.6 


6.0 
LO 
3.2 
1.1 
1.3 
0.3 
1.1 
2.4 


16.4 


73.0 


The  above  does  not  include  levees  built  by  the  United  States  and  afterwards  aban- 
doned or  thrown  out  of  tlie  main  line  by  the  eonstruotion  of  new  lines  behind  them, 
as  was  rendered  necessary  by  crevasses  or  changes  in  the  river  bank,  but  only  com- 
prises the  approximate  length  of  embankment  that  could  then  be  considered  as 
effective  levee  or  capable  of  being  made  so  by  restoring  breaks. 

It  will  be  observed  that  by  far  the  greater  portion  of  these  levees  were  on  the 
Tensas  Basin  or  above  the  mouth  of  Red  River  on  the  right  or  western  bank.  Pre- 
vious to  the  present  year  no  extensive  levee  building  had  been  done  by  the  United 
States  in  any  other  part  of  the  district. 

The  unprecedented  flood  of  1890  was  a  severe  test  of  the  levee  system  in  this  dis- 
trict, and  when  the  last  Annual  Report  was  submitted  there  weretwelve  crevasses, 
some  of  them  of  extraordinary  size,  that  still  remained  to  be  closed.  In  addition  to 
actual  openings  the  prolonged  high  water  had  caused  or  developed  many  weak  places 
in  the  leveeS;  and  showed  that  they  could  not  again  be  subjected  to  such  a  strain 
without  the  greatest  care  and  vigilance  to  prevent  disaster.  Moreover,  when  the 
flood  subsided^  the  rapidly  caving  banks  in  many  places  weakened  or  seriously 
threatened  the  levees  at  points  which  had  safely  withstood  the  recent  high  water, 
but  which  of  course  had  to  be  rebuilt  before  another  flood.    The  work  of  repair 
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and  rebuilding  was  undertaken  by  the  State  authorities  of  Louisiana  as  soon  as 
possible  after  the  water  a>  ent  down,  and  Avas  energetically  prosecutfcl,  but  at  the 
time  the  appropriation  of  September  19,  1890,  became  available  there  remained  a 
large  amount  of  work  unprovided  for  which  it  was  absolutely  n^cessar^  to  finish 
before  another  high  water  to  prevent  the  occurrence  of  even  greater  disasters  than 
those  of  1890. 

The  following  allotments  were  made  from  the  amount  appropriated  by  the  river 
and  harbor  act  of  SeptembeT  19,  1890,  for  levees  in  this  district: 

Tensas  Baain $210,000 

Right  bank,  below  Red  River 130, 500 

Left  bank,  below  Red  Ri  \  er 94, 500 

Total 435,000 

Five  per  cent,  of  each  of  the  above  amounts  was  by  direction  of  the  Commission 
to  be  retained  for  the  care  and  maintenance  of  the  levees  and  the  remainder  was  to 
be  available  for  new  work. 

Upon  recommendation  of  the  Board  of  Officers  on  Building  and  Repairing  Levees 
of  October  23, 1890,  the  construction  of  the  following  levees  was  authorized  under 
the  above  allotment : 

Tensas  Basin, — Bedford,  Ferriday,  Buckridge,  Amaul'dia,  Eempe,  Henderson,  Gib- 
son Landing,  Deer  Park. 

Bight  bani,  below  Bed  Biver. — ^Mna,  Highland,  Barroza,  Evergreen. 

In  response  to  advertisements  bids  for  the  above  were  received  as  follows : 

Abstract  of  proposals  received  in  response  to  advertisement  dated  November  9, 1890,  for  oon- 
struetion  of  levee  in  the  fourth  district,  Mississippi  Biver,  opened  November  SO,  1890. 

TENSAS  BASTN". 
[Price  per  cubic  yard.] 


No. 

Name  aiid  address  of  bidder. 

Bedford 

cubic 
yardfl). 

Kompe 
(40,000 
cubic 
yards). 

Ferri- 
day 
(75,000 

cubic 
yards). 

Amaul- 

dia 

(20,000 

cubic 

yards). 

Hen- 
derson 
(55,000 

cubic 
yards). 

Deer 

Park 

(75,000 

cubic 

yards). 

1 

Ernest  Hyner,  Greenville,  Miss *- 

Cent*. 
*20.3 
20^ 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 
18.8 

2 

8.  L.  Jamee,  Jr.,  New  Orleans,  La 

*23 

s 

Kilnatrick  &  8t4>rer,  MeinphiH,  Tenn -. . 

*21 

♦17 

4 

Manning  &  Howe,  Lake  Providence,  La 

Flynn  &  De  Garis,  Memphis,  Tenn 

21i 

*23 

22 
84 

5 

6 

Andrews  ic  Ogden,  Baton  Kouge,  La 

7 

"W.  L.  Killebrew,  (jrreenTille,  fliss 

23 

23| 

26 

27 

31 

20 

35 

8 

Lnke  Madden,  Delta,  La.t 

0 

T.  C.  Bedford,  Vicksbarg,  Miss.t 

10 

'WiUiam  CuiTy,  St.  Joaenh,  La 

291 
81 

11 

A.  P.  Martin,  Natchez,  Mlsa.t 

27 

EIGHT  BANK  BELOW  BED  HIVEE. 
[Price  per  cubic  yard.] 


Ko. 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 


Name  and  address  of  bidder. 


Ernest  Hjhict,  Greenville,  Miss * . . . 

S.  L.  James,  jr.,  New  Orleans,  La 

Kilpatrick  &.  Storer,  Memphis,  Tenn 

Manning  &  Howe,  Lake  Providence,  La 

Flynn  Sl  De  Garis,  Memphis,  Tenn 

Andrews  &  Ogden,  Baton  Rouge,  La — 

"W".  L.  Killebrcw,  Greenville,  Miss 

Lnke  Madden,  Delta,  La.t 

T.  C.  Bedford,  Vioksburg,  Miss.t 

WiUiam  Curry,  St.  Joseph,  La 

A.  P.  Martin,  Natchez,  Misa.t 


Nina 
(75,000 
cubic 
yards). 


Cents. 
19.7 
*18 


18| 

18.45 

34 


Highland 

(330,000 

cubic 

yards). 


Cents. 


24} 
*23. 74 
35 


Barroza 

(200,000 

cubic 

yards). 


Cents. 


43i 
^26.99 
38 


Ever- 
green 
(70,000  cu- 
bic yards) 


Cents. 

""ih'.ii 


•19 
20 
33 


f  Informal. 

Total,  970,500  cubic  yards. 

Bids  marked  (*),  the  lowest  received,  were  accepted  and  contracts  were  entered  into. 
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Ah$tract  of  prapoaals  received  in  response  to  advertisement  dated  November  14, 1890,  for 
oanstrueUon  of  Gihson  Landing  Levee,  Tensas  Basin,  opened  Xovemher  S5, 1890, 


No. 


1 
2 
3 

4 
5 
6 
7 


Name  and  address  of  bidder. 


W.  L.  Killebrev,  GrreenvUle,  Idiss  — 

Ernest Hyncr^GreenviUe,  Miss ' 

Castleman  &  Wilson,  New  Orleans,  La 

John  Scott  &,  Son,  VicksbTii'g,  Misa 

Angiistus  P.  Martin.  Waternroof,  La. . 

Laiug,  Smoot  &  Co.,  Dallas,  Tex 

P.  J.  Cofiinan,  Baton  Bouge,  La 


Price  per 
cubic    yard 

(about 

330,000  cubic 

yards). 


OenU. 
19} 
2f 
24 
29J 
31 

.31. 95 
35 


Total. 


$63,937.50 

60,300.00 

79, 200. 00 

97, 3.50.  UO 

102, 300. 00 

105, 435. 00 

115, 500. 00 


Total  amount  available  for  this  work  exclusive  of  outstanding  liabilities^  $124,000. 
Contract  was  entered  into  with  W.  L.  Killebrew  for  construction  of  this  levee. 

Abstract  of  proposals  received  in  response  to  advertisement  dated  December  14,  1890,  for 
construction  of  Buckridge  Levee,  Louisiana  (Point  Pleasant),  opened  December  S3, 
1890, 


No. 


1 
2 
8 

4 
5 
6 


Name  and  addreea  of  bidder. 


Manning  A  Howe,  Lake  Providence,  La 

A.  P.  Martin,  Waterproof,  La.* 

Ernest  Hyner,  Greenville,  Miss 

Samnol  L.  Jamoe,  jr.,  New  Orleans,  La. . 

Thomas  W.  Kilpatrick,  Vidalia,  La 

Daniel  Carey,  Union  P.  O.,  La 


Price  per 
cubic    yard 

(about 

100,000  cubic 

yards). 


dent*. 
18 
18i 
18.3 
18.75 
19| 
25.20 


Total. 


$18, 000. 00 
18,  250. 00 
18,  300. 00 
18, 750. 00 
19, 750. 00 
25, 200. 00 


*  Informal. 


Total  amount  available  for  this  work,  exclusive  of  outstanding  liabilities,  $60,000. 

Contract  was  entered  into  with  Manning  &  Howe  for  construction  of  this  levee. 

Owing  to  the  late  date  at  which  the  allotments  became  available  it  wa^  necessary 
to  use  the  utmost  possible  haste  in  determining  the  various  lines.  Throiigh  the 
kindness  of  Maj.  U.  B.  Richardson,  chief  State  engineer  of  Louisiana,  all  maps, 
surveys,  estimates,  and  other  information  in  his  possession  were  placed  at  the  ais* 

Eosal  oi  this  office,  and  with  this  aid  the  work  of  nnal  location  and  staking  out  the 
lies  was  ably  performed  and  with  remarkable  dispatch  by  Assistant  Engineer 
Douglas,  assisted  hj  Assistant  Engineer  Hardee,  and  the  delay  in  beginning  work 
was  less  than  the  circumstances  seemed  at  first  to  render  unavoidable. 

The  early  rise  of  the  river  and  continued  rains  seriously  interfered  later  in  the 
season,  but  the  only  opening  in  the  line  which  existed  during  high  water  that  was 
due  to  failure  to  complete  work  undertaken  by  this  office  was  at  Henderson  (713  R). 
This  XK>int  is  well  down  near  the  foot  of  Tensas  Basin,  and  there  are  sloughs  in  rear 
leading  directly  across  to  Red  River,  so  that  the  damage  from  the  gap  was  entirely 
local  and  comparatively  insignificant.  The  backwater  did  not  even  interfere  with 
work  on  Deer  Park  levee,  only  a  mile  and  a  half  distant  below. 

At  Kcmpo  (659  R)  the  old  front  line  was  intact  wLcu  the  new  work  was  com- 
menced, but  it  was  breached  by  caving  of  the  bank  before  liigh  water,  and  a  tem- 
porary protection  levee  had  to  be  built  to  enable  the  back  line  to  be  finished. 

At  Fcrriday  Crevasse  (693  R),  in  Lake  Concordia  levee,  a  protection  levee  was 
also  necessary;  and  at  Deer  Park  (722.5  R)  2  lines  of  protection  levee  were  built. 

Several  new  levees  were  in  process  of  construction  on  the  left  bank  below  Red 
River  at  the  time  the  allotment  became  available  under  a  State  organization  known 
as  the  Pontchartrain  levee  board.  Owing  to  legal  complications,  concerning  the 
raising  of  funds  by  taxation,  this  board  became  embarrassed  for  money  and  were 
unable  to  complete  the  levees  they  had  undertaken. 

By  authority-  of  the  honorable  Secretary  of  War,  upon  the  recommendation  of  the 
president  of  the  Commission,  this  office  assumed  charge  of  those  levees  on  November 
20, 1890,  and  undertook  to  complete  tliem  by  informal  agrecmentH  with  the  con- 
tractors at  the  same  price  and  upon  the  sann»  general  terms  a«  were  provided  for  in 
their  contracts  with  Pontchartrain  levee  board.    The  following  table  shows  in  con- 
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densed  fonu  the  history  and  status  of  all  the  new  levees  in  charge  of  this  office  at 
the  date  of  this  report : 

United  States  let>ee  work  in  fourth  district j  Miseisftippi  liiver,  undertaken  during  the  year 

ending  June  30,  1S91, 


Name  of  leree. 


Tensaa  Front  (right 
bank) : 

Bedford 

Bnckridge* 

Kempe 

Gibson  Landing  . . . 

Ferriday 

Amanldia 

Henderson 

^)eer  Faric ...••••. 
Bight  bank,  below  Bed' 
Bivor: 

Nina 

Highland 

Barroza 

Evergreen 

Left  bank,  below  Bed 
Biver: 

Shannon 

Martinez 

Gay  to  Hollywood . 

WoodHtock 

Hermitage ^.. 

Grenada  to  Mount 
Olive 

Sonthwood 

Ashland    to    Lin- 
wood  

Disdiarry 

Irvine 

Union 

LiUy 

College    Point    to 
St.  Michael 

Terre    Haute     to 
Hope 

Comland 

Destxahan 

Frellaen     to    Al- 
media 


Below 
Cairo. 

Length. 

MiUs. 
606 
624 
659 
683.5 
603 
702 
712 
722 

Feet. 
3,030 

2,405 
13,888 

3,355 
678 

1,705 
10,285 

806.5 
815.5 
823 
857 

6,150 
6,170 
4,145 
8,400 

837 

842 

845 

847.5 

850 

4,813 
,    1,420 
4,423 
3,135 
4,540 

856.5 
875.5 

7,400 
4,855 

878 

882 

892.5 

893.5 

900.5 

4,032 
4,700 
1, 325 
1,080 
2,269 

903.5 

1,637 

919.5 

922 

939 

10,640 
1,336 
1,272 

942.5 

7,850 

Width 

of 
crovm. 


Feet. 
8 


8 
8  to  10 
8 
6 
8 
8 


6 
8 
8 
8 


8 
6 
8 
8 

8 

8 
8 

6 
8 
6 
6 
6 

6 

5  and  6 
6 
5 


Slope 

on  land 

side. 


3tol 


3tol 
3tol 
3tol 
3tol 
8tol 
8tol 


Stol 
3tol 
4tol 
Stol 


3to 
3to 
3  to 
3to 
Pto 

3  to 
3  to 


3tol 
3tol 
Stol 
Stol 
Stol 

Stol 

Stol 
Stol 
2tol 

Stol 


Slope 

on  river 

side. 


Stol 


Stol 
Stol 
Stol 
Stol 
Stol 
Stol 


Stol 
Stol 
Stol 
Stol 


Stcfl 
Stol 
Stol 
Stol 
Stol 

Stol 
Stol 

2tol 
Stol 
Stol 
Stol 
Stol 

Stol 

2tol 
Stol 
2tol 

2tol 


Greatest 
height. 


Feet. 
17.6 


16 

25.6 
26.2 
6.7 
16»2 
13.4 


8L6 
2L2 
19.2 
16.0 


12.1 
8.6 

n.o 

10.5 
ILl 

8.7 
U.1 

4.0 

14.3 

8.6 

7.6 

10.6 


Least 
height. 


Feet. 


6.2 


9.1 
8 

7.4 

5.2 

12.4 

6.3 


L7 
2.8 
3.0 
L6 


8.1 
L9 
0.9 
L7 
2.4 

0.7 
0.9 

LO 
0.6 
L6 
1.4 
1.9 


5.0  and  9. 2  0.6  and  0.6 

I 

4.0  and  8. 2  L  2  and  1.2 
10.3  ;  0.9 

5.1  i  L6 


4.3 


L3 


Average 
hi'ight. 


Feet. 


9.4 


10.6 
n.7 
12.0 

6.2 
13.4 

7.8 


9 

14 

13 


U.6 

8.2 

10.4 

10 

0.'2 

3.8 
10.8 

8.3 

18.4 
7.4 
8.4 
9.5 

3.  C  and  a  8 

3. 0  and  6. 7 
10.0 
3.0 

3.8 


Name  of  levee. 

Grade  of 

crown 

above  high 

water  of 

1890. 

Total  (net). 

Not  paid 

for  by  the 

United 

States. 

Amonnt 
paid  by 
United 
States. 

When 
commenced. 

When 
completed. 

Tensas   front  (right 
bank) : 
Bedford 

Feet. 
L8 

CuMc  yards. 
43, 738. 18 

Cubic  yards. 
43, 738. 18 

$8,860.85 

Dec.  18,1890 

Mar.    7,1801 

Bnokrldce  * 

Kemne 

3.0 
3.0 
3.0 
L6 
3.0 

2.4 

« 

3.0 
8.0 
8.0 
8.0 

3.0 
3.0 
3.0 
3.0 

38, 490. 70 
289. 637. 24 
70, 274. 33 
3,289.11 
42,372.23 
90,458.54 

05,999.91 
127,895.96 
164,860.60 

93,654.73 

91,037 
12,889 
67,732 
48,277 

38,489.71 

129,721.48 

72,472.03 

3, 289. 11 

9, 744. 53 

22, 637. 62 

15, 144. 13 

559.15 

Dec.  10,1890 
Dec.    4,1890 
Dec.    1,1890 
Dec.  25,1890 
Dec.    3,1890 
Dec.  10,1890 

Dec.  18,1890 
Dec.  17,1800 
Deo.  16,1890 
Jan.    1,1801 

(11) 
(V 
iV 
(U) 

Mar.    8,1801 

(t) 
Mar.  25, 1891 

Gibson  Landing  . . . 
Ferridav 

Amanluia - 

Feb.  27, 1891 
Mar.  ao,  1891 

§Jnnel4,1891 
May  31, 1891 
May  30, 1891 

(il) 
Mar.  28, 1891 

Henderson 

Deer  Park 

99,628.85 

88,037.41 
127, 895. 96 
164, 860. 69 

30,488.71 

77,136 

4,452 
39,428 
29,182 

17,624.12 

14,262.05 

30,551.07 

46,713.05 

6,213.56 

14,077.32 

812.49 

7,097.04 

5,249.84 

Bight  bank,  below  Bed 
Biver: 
Nina 

Highland 

liarroza 

Evermroen 

Left  bauK,  below  Rod 
Biver: 
Shannon 

Martinos 

Dec  27.1890 

Gay  to  Hollywood  . 
Woodstock 

Feb.  28,1891 
Dec.  27,1890 

•  Authority  received  to  annul  contract. 

t  Forty  percent,  completed ;  to  be  finished  January  1,  1892. 

♦  To  be  finished  September  1,  1891. 

I  Six  hundred  loot  left  op<^u,  to  be  compl**k*d  Febnuiry  1,  1802. 

II  AlKint  86  ptT  cent,  coniplotod :  to  bo  miiHlicd  July  3l'.  1801 . 

il  There  is  no  record  in  thiH  oflBoe  to  show  when  th«*Hf  1»'v«h'h  wow  comincucod. 
fvrred  to  the  United  Slates  Government  on  November  20,  1800. 


They  were  trans- 
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United  States  levee  too^rk  in  fourth  district,  Mississippi  RiveTf  etc, — Continued. 


Nome  of  levee. 

Grade  of 

crown 

above  hieh 

water  <m 

1890. 

Total  (net). 

Net  paid 

for  bv  the 

Ignited 

States. 

Amount 
paid  by 
United 
States. 

When 
commenced. 

When 
completod. 

Left  bank,  below  Red 
River— Continaed. 

Hermitage 

Grenada  to  Moant 
Olivo. 

Sonthwood 

Ashland    to    Lin- 
wood 

Discharry 

Irvine  

Feet 
3.0 
8.0 

3.0 
3.0 

3.0 
3.0 
8.0 
3.0 
3.0 

8.0 

3.0 
3.0 
3.0 

Cubic  yards. 
56.466 
24,944 

75,843 
14,828 

109,659 

9,759 

10,507 

27,739 

12, 147 

33,344 

17.762 
3, 0.52.  7 

Cubic  yards. 
24,218 
17,602 

02,942 
11,230 

75,145 

9,759 
10,507 
22,900 

7,417 

15,899 

14.486 
3, 052.  7 

$4, 056. 51 
3, 168. 36 

11,612.80 
2, 246. 00 

14, 935. 07 
1,  756. 62 
1,891.26 
4, 577. 71 
1,  .3.34. 32 

2,860.92 

2,748.00 

518. 65 

1,109.97 

(*) 
/*\ 

(*) 
I*) 

(*) 

I*) 

I*) 
/*\ 

(*) 
/*\ 

(*) 
I*) 

Bee.  27.1800 
Fob.  24.1891 

Mar.  23, 1891 
Jau.  31,1801 

Mar.  16, 189i 
Jan.  31.1891 

Union 

Do. 

Lilly 

Jan.  17,1891 

College    Point    to 

St.  Michael. 
Terre     Haut«    to 

Hope. 
Com  land 

Jan.     5, 1891 
Feb.  23,1891 
Jan.  31,1891 

Defltrahan 

Jan.     9, 1891 

Frellsen     to     Al- 
media. 

24, 258. 3 

0, 521. 3 

Do. 

*  There  la  no  record  in  this  office  to  show  when  these  levees  were  commenced.  They  were  transferred 
to  the  United  States  Government  on  November  20,  1800. 

Of  the  levees  In  this  Ust  remaining  incomplete  at  this  date,  Buckridge  was  delayed 
by  refusal  of  property  owners  to  consent  to  the  line  selected.  The  State  authorities 
^ave  since  undertaken  to  construct  a  levee  on  another  and  longer  line,  and  authority 
has  been  received  to  annul  the  contract  for  the  line  fixed  upon  by  this  office. 

The  contract  time  for  Gibson  Landing  (683.5)  does  not  expire  until  January  1, 
1892,  and  the  prospects  for  the  completion  of  the  work  bv  that  time  are  favorable. 

At  Henderson  (713  R)  the  work  was  interrupted  by  hign  water. 

The  time  for  the  completion  of  Nina  was  extended  till  February  1,  1892,  to  enable 
the  sugar  mill  and  other  buildings  on  the  adjacent  plantation  to  be  moved  after  tlie 
present  cane  crop  is  worked  up. 

The  time  for  the  completion  of  Evergreen  was  extended  till  July  31,  1891,  the  old 
front  line  being  still  intact  and  the  work  having  been  greatly  interfered  with  by  bad 
weather  and  seepage  water. 

The  consent  of  property  owners  to  the  line  determined  upon  at  Southport  has  not 
yet  been  obtained. 

Surveys  and  estimates  for  new  levees,  wliich  should  be  constructed  during  the  en- 
suing year,  have  been  made  by  this  office,  as  follows : 

Kempe  (659  R),  front  line  threatened  l)y  caving  bank,  225,000  cubic  yards, 

at  28  cents $62,000 

Hardscrabble  (639  R),  front  line  threatened  by  caving  baiik,  223,200  cubic 

;rards » • 60,000 

Highland  (615.5  R),  to  complete  line  begun  by  United  States;  caving  bank 

partly  breached,  front  line,  230,000  cu  oic  yards,  at  20  cents 46,  000 

Terre  Haute  (919.5  L),  to  build  new  line  further  from  river;  front  line  very 

much  expose<l  and  badly  wave-washed,  35,000  cubic  yards,  at  20  cents 7, 000 

Ferriday  Crevasse  (693  R),  to  close  crevasse,  2,000  cubic  yards,  at  20  cents 400 

The  above  are  all  United  States  levees.  In  compliance  with  my  request  Major 
Richardson,  Chief  Stat«  En^neer,  has  furnished  the  following  approximate  estimate 
of  necessary  levee  work  which,  up  to  June  15,  1891,  had  not  been  provided  for  by 
the  State  authorities : 


Name. 


Cnbic 
yards. 


Amount  at 
20  cents  per 
cnbic  yard. 


Cottage  Home  (640  R) 

Stewart  (791  R> 

Red  Store  (795  k) 


St.rranci8  (799  K) 

Irvine  (800  K) 

Lehan  (8M  R) 

Barroxa  extension  (823  R). . 

Towlcfl  (851  L) 

BillingR  (ft:)2.?»  L) 

<kmrrti»r  (S-x?  R) 

H.rr.nbriH  (S«2  1.) 

>oiitli\vocNl,  \V.it«Tl«o<87(i  L) 


153, 000 

18:{,  000 

118,000 

5,000 

2,000 

33,  000 

7r»,  0(H) 

9,600 

31.500 

U,  000 

26,  000 

SS,  500 


$80,  600 

36,600 

2;J,600 

1,000 

400 

6,  600 

15,  000 

].92() 

6.  30;) 

2.80U 

5. 200 

17,700 


Name. 


Point  Barrow  (885  K). 

Minni»MH06.5  K) 

Homo  l^lacc  (nt5.5  R) . 

Bolmont  (1)07  L) 

Toiasior  (909  L) 

Poche  (012  L) 

Boiisecmir  (W2')  K) 

ProHpect  (037  L) 

Roislilitiir  (952  L) 

Ames  (9.')9  R) 


16,000 
20, 000 
60,000 
13,  000 
24,  000 
12.500 
IS.  .')')0 
.'•S.  .'iJO 
21,000 
10i\0fKi 


Amount  at 
20  cents  i)er 
cubic  yard. 


$3,200 

4,000 

12,000 

2,000 

4,8)0 

2,  .500 

3,700 

11.700 

4, 21K) 

20,  000 

Total 1,082,  100 


216, 420 
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Making  the  entire  sum  which  iB  needed  for  new  levee  work  in  this  district  during 
the  year,  $357,000. 

It  is  therefore  manifest  that  any  sun  which  will  probably  be  made  available  could 
be  usefully  applied  to  levee  builcQng  in  this  district  during  the  ensuing  year,  but  I 
do  not  make  a  definite  estimate  of  work  of  this  character  which,  in  my  judgment,  it 
is  advisable  or  necessary  to  do,  since  such  an  estimate  would  necessarily  be  largely 
dependent  upon  questions  of  poUoy  which  it  is  beyond  my  province  to  consider. 

PROTECTION,   CAIUS,   AND  MAINTENANCE  OF  LEVEES. 

As  previously  stated,  the  Commission  directed  that  of  the  total  allotment  for  levee 
construction  5  per  cent.,  or  a  sum  of  $21,750,  should  be  retained  ''for  the  care  and 
maintenance  of  levees  in  the  several  localities  for  which  the  allotments  are  made," 
and  notice  was  received  on  March  24,  1891,  of  the  following  additional  allotments 
**  for  the  protection  of  existing  levees  from  threatened  danger  by  high  water." 

Levees  Tensas  Basin,  fourth  district $40, 300 

Levees,  right  bank  below  Red  River,  fourth  district 43, 750 

Levees,  len;  bank  below  Red  River,  lourth  district 23, 688 

The  river  began  to  rise  early  in  the  season,  and  by  the  middle  of  February  had 
reached  such  height  as  to  cause  apprehension  of  danger,  particularly  since  a  lar^e 
amount  of  new  work  was  unfinished,  gaps  remained  open,  and  the  several  lines  m 
general  were  in  poor  condition  to  withstand  a  flood.  Tnat  part  of  the  district  above 
Red  River  gave  the  greatest  anxiety,  since  between  Yicksburg  and  Bayou  Sara,  a 
distance  of  200  miles,  the  only  telegraph  stations  on  the  river  are  at  Natchez  and  St. 
Joseph.  The  country  is  thinly  settled  and  there  is  no  railroad  within  reach  of  the 
river  except  at  Natchez.  This  part  of  the  river  also  comprised  most  of  the  existing 
United  States  levees,  the  more  important  of  the  new  levees,  and  nearly  all  the  o^en 
gaps  of  any  consequence,  llie  tools  and  material  previously  used  for  protection 
work  were  stored  at  the  depot  of  the  Red  and  Atchaialaya  works  near  Simmsport, 
which  is  30  miles  from  a  railroad  station  or  telegraph  office. 

The  steamer  General  Newton  was  sent  to  this  part  of  the  district,  and  was  engaged 
during  the  continuance  of  high  water  in  transporting  tools  and  material  to  places 
where  needed,  and  in  patrolling  the  entire  line. 

The  United  States  snag  boat  Thos.  B.  Florence  was  also  engaged  in  similar  duty, 
both  above  and  below  Red  River.  She  belongs  to  the  works  in  charge  of  Capt.  J. 
H.  WiUard,  Corps  of  Engineers,  U.  S.  Army,  and  was  rendered  available  for  this 
service  through  the  courtesy  of  that  officer. 

The  tug  ParA;er,  belonging  to  the  third  district,  Mississippi  River,  under  charge 
of  Capt.  C.  McD.  Townsend,  Corps  of  Engineers,  U.  S,  Army,  was  also  employed 
for  a  short  time  on  protection  work  in  this  district ;  but  she  was  soon  needed  in  the 
third  district  asain,  and  was  accordingly  returned. 

The  flood  did  not  reach  as  great  a  height  as  during  1890,  and  no  raising  of  the 
levees  was  necessary. 

The  following  table  shows  the  localities  and  nature  of  the  protection  work  done: 


Localities. 


Point  Pleaaant  (025  K.) 
Hard  times  (632  K.)-.-- 
Keiupe  (659  R.) 


Gibson  Landing  (683  K.) 

Ferriday  (693  U.) 

Arnauldia  (7U2  R.) , 

Henderson  (713  R.) 

Deer  Park  (722  K.) 


Nature  of  protection. 


Protected  with  sacks  to  stop  wave  wash. 

Repairs  to  wash  caused  by  current. 

Stoppin •;  '*  sand-boil."    Protection  of  levee  in  front  of  now  work. 

Itevetting  front  slope  of  new  levee  with  sacks.    "  Run-around** 

at  point   where  caving  bank  threatened  angle  in  front  line. 

Bnnnage  dit<*he8  and  banquette  in  rear  of  new  work. 
Stopping  crawtlsh  holes  in  old  front  line. 
Stoitjting  small  crovnHHe. 
SacK  revetment  on  front  of  new  work. 
Protoction  levee  in  front  of  new  work.    It  gave  way,  ami  work 

htoppwl. 
Protection  Irvee  in  front  i»f  new  work. 


Below  the  month  of  Red  River  the  facilities  for  communication  and  transpor- 
tation of  material  are  in  general  very  good,  and  the  local  interests  and  resources  are 
much  greater  than  above,  so  that  comparatively  little  protection  work  in  this  part 
of  this  district  was  required  on  the  part  of  this  oflice.  Between  Baton  Rouge  and 
Now  Orleans  a  railroad  runs  near  each  bank  of  the  river  with  frequent  stations. 
The  country  is  all  settled  and  labor  is  abundant. 

In  the  early  part  of  the  high- water  season  a  barge  was  prepared  for  such  protec- 
tion work  as  might  become  necessary  by  building  on  it  a  temporary  house  to  uccom- 
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modate  workmen  and  loading  it  with  tools,  material  and  supplies.  This  barge  was 
towed  by  a  steam  towboat  to  different  points  where  it  was  required. 

An  arrangement  was  also  made  with  representatives  of  the  Louisville,  New  Or- 
leans and  Texas,  the  Texas  and  Pacific,  and  the  Southern  Pacific  railroads,  all  of  which 
were  provided  with  labor,  tools  and  material  and  facilities  for  rapid  transportation, 
by  which  they  were  to  do  such  work  as  might  be  immediately  necessary,  and  which 
could  not  be  attended  to  at  proper  time  by  the  outfit  in  charge  of  this  office. 

The  following  table  shows  the  protection  and  repair  work  done  below  Red  River, 
right  bank : 


LocalitieB. 


Bed  River  Landing  (705.3  It) 

Nto»  (806.5  R) 

Highland  (815.5  R) 

Svergreen  (857  R) 

lAji  bank. 

Longwood  (847  L) 

Davenport  (838  L) 

Saint  (Gabriel  (862  1.) 

Scrathwood  (875  L) 

Aahland  (878  L) 

Dicharry  (882  L) 

Melancon  (888  L) 


Nature  of  protection. 


Removfd  of  stamps,  stopping  craw-fiah  holcA,  restoring  embank- 

raent  at  road  crossings,  etc. 
Wave  WAAh  on  old  front  line  stopped  witli  sacks. 
Old  front  line  repaired  at  road  crossings. 
Old  fi-ont  line  revetted  with  lumber. 


Board  revetment. 

Do. 
Board  and  sack  revetment. 

Do. 

Do. 

Do. 

Do. 


No  protection  work  was  done  below  the  city  of  New  Orleans.  Requests  were  ro- 
ceiyea  for  assistance  in  maintaining  the  levees  in  that  part  of  the  diHtrict,  but  at 
that  time  the  funds  available  were  limited  and  as  all  indications  pointed  to  very 
high  water,  it  was  deemed  expedient  to  reserve  the  money  for  probablv  greater 
danger  in  the  upper  parts  of  the  district.  An  inspection  was  made  of  the  levees 
down  as  far  as  the  forts  early  in  April  after  the  additional  allotments  became  avail- 
able, bnt  at  that  time  the  river  had  fallen  slightly,  all  the  levees  were  secure  and 
"tiie  danger  was  practically  over. 

It  is  nrgently  recommended  that  sufficient  funds  be  made  available  for  putting  all 
the  United  States  levees  in  this  district  in  proper  condition  of  repair  a«  early  as 
practicable  before  next  high  water. 

The  work  of  this  kind  wnich  is  necessary  consists  of  clearing  the  levees  of  trees, 
brush,  and  all  other  vegetation  except  grass;  restoring  the  embankment  wliero 
washed  by  rain  or  the  action  of  waves,  or  worn  down  by  unauthorized  traffic ;  re- 
pairing all  weak  places  due  to  craw-fish  holes,  "sand-boils"  or  other  causes;  and  in 
certain  special  cases  raising  the  grade.  The  above  does  not,  however,  eouioiii]>lMtn 
any  general  enlargement  or  raising  of  the  embankment,  but  only  what  may  properly 
beincluded  under  repairs,  care,  and  maintenance  of  the  existing  works  and  raising 
certain  places  where  the  line  is  seriously  weak,  due  to  local  deficiency  in  height.  If 
this  work  were  done  now  time  would  be  aiforded  for  the  earth  to  become  solidified 
and  sodded  over  before  high  water,  and  a  degree  of  security  and  relief  from  anxioty 
would  be  afforded  which  no  expenditure  of  money  during  high  water  could  secure, 
and  the  results  from  money  so  applied  as  compared  to  those  following  from  an  e(xual 
expenditure  during  the  time  of  danger  would  be  incompara!)ly  greater. 

Assuming  that  the  balances  of  the  amounts  reserved  for  the  care  and  maintenance 
of  the  levees  are  applicable  as  above^  the  additional  funds  needed  for  this  work  are 
as  follows : 

Tensas  Basin: 

Estimate $12,600.00 

On  hand 8,800.00 

Amount  needed .• 3,400.00 

Bight  bank  below  Red  River: 

Estimate 5,000.00 

On  hand 5,195.00 

Left  bank  below  Red  River: 

Estimate 5,000.00 

On  hand 1,  130.00 

Amount  needed 3,  570. 00 

Total  amount  needed G,  *J70. 00 

ENO  91 231 
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The  following  amounts  were  expended  for  care  and  maintenance  of  levees  during 
high  water: 

Tcn8a»  Baain $3,010.9H 

Right  bank  ImIow  Red  River 2,203.75 

Left  hank  below  Red  River 3,723.»1 

Total 8,938.67 

There  were  no  expenditures  from  the  last  allotment  for  protection  of  levees  from 
threatened  danger  from  high  water,  and  the  entire  allotment,  $107,938,  is  still  in 
hand. 

After  the  new  levee  lines  were  staked  out  preparatory  to  beginning  work.  Assist- 
ant Engineer  Douglas  was  assigned  to  the  local  charge  of  all  levee  work  above  the 
mouth  of  the  Red  River,  and  AAsinfant  Engine«»r  Hardee  to  similar  duty  for  that 
part  of  the  district  below  Red  River,     Their  reports  are  appended  hereto. 

IMPROVIXG  MI8SI881PPI  RIVKR  (NO  LIMIT). 

Money  statement; 

(a)  Levees,  Tensas  Front : 

July  1, 1890,  balance  unexpended $29, 117. 42 

June  30, 1891,  amount  expended  during  fiscal  year $16, 581. 89 

June  30, 1891,  amount  expended  during  liscal  year  for  protec- 
tion of  levees,  Tensas  Basin 12, 535. 53 

29,117.42 

(6)  Levees,  Tensas  Basin : 

Amount  allotted  from  act  approved  September  19, 1890 • 199, 500. 00 

Amount  reallotted  from  act  of  August  5, 188<j 21. 00 

199, 521. 00 
J une  30, 1891,  amount  expended  during  fiscal  y ear 81, 988. 84 

July  1, 1891,  balance  unexpended 117, 532. 16 

July  1, 1891,  amount  covered  by  uncompleted  contracts 51, 010. 90 

July  1, 1891,  balance  available fi6,52L26 

Amount  that  can  be  profitably  expended  during  fiscal  vear  eudin  >;:  .1  ^\\v^  30, 

1893 \ ' 125,000.00 

(c)  Levees, right  bank,  below  Red  River: 

Amount  appropriated  by  act  approved  September  19, 1890 123, 975.  00 

June  30, 1891,  amount  exi)ende(l  during  fiweal  year 107, 464.  85 

July  1, 1891,  balance  unexpended 16, 510. 15 

July  1, 1891,  anu>uut  covered  by  uncompleted  contracts 9, 927. 58 

July  1, 181)1,  balance  available 6,582.57 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1893  160, 000. 00 

(d)  Lovees,  left  bank,  below  Red  River : 

A  mount  appropriated  by  act  approved  September  19, 1890 89, 775. 00 

June  30,  1891,  amount  expended  during  fiscal  year 84, 057. 86 

July  1,  1891,  balance  unexpended 5, 717. 14 

Amount  that  can  bo  profitably  expended  in  iiscal  year  ending  June  30, 1893    65, 000. 00 

(e)  Protection  of  levees,  fourth  district: 

July  1,  1890,  balance  unexpended 18, 160. 1 

Juno  30,  1891,  amount  expended  during  the  fiscal  year $8, 160. 13 

Amoun t  transferred  to  third  district 10, 000. 00 

18,160.1 

(/)  Protection  of  levees,  Tensas  Basin : 

Amount  allotted  from  act  of  September  19,  1890 51, 000.  i 

Jum^  30,  1891,  amount  expended  during  fiscal  year 3, 010. { 

July  1,  1.S91,  bahuuc  uuexiicudcd 47,  J)X9. 
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Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893 .    $3, 400. 00 

(g)  Protection  of  levees,  right  bank,  below  Red  River : 

Amount  allotted  from  act  approved  September  19, 1890 50, 275. 00 

June  30,  1891,  amount  expended  during  fiscal  year 2, 203. 75 

July  1,  1891,  balance  available 48,071.25 

(h)  Protection  of  levees,  left  biink,  below  Rod  River: 

Amount  allotted  from  act  approved  September  19,  1890 28, 413. 00 

June  30,  1891,  amount  expended  during  fiscal  year 3, 723. 94 

July  1, 1891,  balance  unexpended 24,689.06 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juuo  30, 1893.      3, 570. 00 

SURVEYS,   GAUGES,   AND  OBSERVATIONS. 

In  addition  to  the  surveys  made  in  connection  with  works  for  which  there  were 
specific  allotments,  surveys  of  a  number  of  alternative  lines  for  new  levees  at  Kempe 
(fe9  R.)  and  at  Hardscrabble  (640  R.)  were  made.  These  are  >>oth  United  States 
levees,  and  the  danger  of  their  being  breached  by  caving  banks  is  so  imminent  that 
provision  must  be  made  for  the  new  lines,  either  by  the  United  States  or  the  State 
authorities,  before  the  next  high  water,  in  order  to  render  Tensas  Basin  safe  from 
overflow. 

Surveys  to  determine  the  continuous  profiles  of  all  levees  in  this  district  are  very 
much  needed.  There  was  no  time  to  undertake  this  work  before  entablishiug  the 
grades  of  the  levees  which  were  built  by  this  office  during  the  past  year,  and  their 
grades  were  therefore  not  fixed  in  accordance  with  any  very  definite  system  as  the 
data  and  the  time  necessary  for  formulating  such  a  system  were  wanting.  The  ex- 
pediency of  making  such  surveys  hereafter  will  be  influenced  by  the  policy  which 
may  govern  levee  construction  in  the  future.  It  is  estimated  that  the  preparation 
of  complete  levee  profiles  for  the  district,  including  new  surveys  and  necessary 
copying  of  information  on  file  in  the  State  engineer's  office  will  cost  about  $1,700. 

All  the  gauge  stations  heretofore  established  in  this  district  were  maintained, 
and  by  direction  of  the  commission  the  following  new  stations  were  established : 

Su{far  House  gaugef  at  head  of  Tumbull  Island,  above  the  Red  River  Dam.  Estab- 
lished November  27, 1890. 

Fori  Jackson  gauge,  established  February  23,  1891. 

Owing  to  the  inaccessibility  of  this  latter  station,  and  a  change  of  gauge-keepers 
soon  af&r  it  was  established,  the  record  up  to  the  present  time  can  not  be  said  to 
have  been  entirely  satisfactory;  but  the  apparently  abnormal  variations  are  attrib- 
utable, iu  part  at  least,  to  the  effect  of  winds  and  tides  in  the  Gulf.  To  be  of  value 
it  is  believed  that  a  recording  tide  gauge  should  be  established  here,  and  such  a 
gauge  at  New  Orleans  would  also  give  more  complete  information  than  is  afforded 
by  tne  present  system  of  only  two  readings  a  day. 

Six  new  bulletin  boards  of  the  pattern  adopted  by  the  Commission  have  been  built 
to  replace  existing  ones  where  extensive  repairs  or  new  bulletin  boards  are  required. 

The  following  table  shows  the  highest  and  lowest  readings  at  the  various  stations 
compared  with  last  year's  record : 

Highest  gauge  readings. 


Stations. 


UitvMidiiippi  River  : 

St.  Joseph,  La 

Natchez,  Mis« 

Red  River  Landing,  T.ii 
Rwl  River: 

Barbre  Landing,  La  — 

Susar  Hoa8e,La 

Atchaialaya  River: 

Melville,  La 


Simmsport,  La 

IfiMisaippi  River: 

Ravou  Sara,  La 

Rat<m  Rouge,  J  a 

lMa4] nomine,  L» 

i'ollcg*'  Point,  Lti 

r»rrollton,  La Mar.  17,  181K) 

Fori  JackHon,  La   I 


1880-90. 


Date. 


Apr.  2:?,  1890 
Apr.  23,1800 
do 


.do 


Apr.  28, 1890 


Apr.    22-23, 

1890. 
Apr.  '21,1890 
— do 

.\])r.  21MS9() 
M.ir.  Hi.  1MH» 


Reading. 


45. 15 
48.60 
48.80 

49.70 


35.4 

45.50 

41.2 
36.75 

:n.9 

16.  10 


1890-'91. 


Date.  Residing. 


Apr.  13,1891 
Apr.  11,1801 
Apr.  27, 1891 

Apr.  25, 1891 
Apr.  80, 1891 

Apr.    19,  to 

May  8. 
Apr.  26, 1891 

Apr.  29, 1891 
May  3,1891 
Apr.  29,1891 
Mar.  IH.  I  Kin 

do 

....do 


4:j.  70 

46.  riO 
45.48 

45.65 
45.90 

33.7 

43.32 

38.8 
lio.  55 
31.0 

16.  (M) 
C.15 


Differ- 
ence. 


1.45 
2.10 
3.32 

4.05 

L7 

2.18 

2.4 
1.20 
.9 

.."HI 
.10 
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Lowest  gauge  readings* 


Stations. 


Hississlppi  River: 

St.  Joseph,  La 

ifatcbox,  Miss 

Bed  River  Landing,  La. 
Red  River: 

Barbie  Landing,  La  — 

Snsar  House,  La 

Atohaialava  River: 

Melvlfle,  La 

Simmsport>  La 

Miasissippi  River: 

Bayou  Sara,  La 

Baton  Rouge,  La 

Plaquemine,  La 

College  Foint,  La 

Carrollton,  La 

Fort  JiioKnon,  La 


188»-'90. 


Date.    . 


Oct.  31,1880 
Nov.  4,1889 
....do 


Nov.    7,1889 


Nov.  6,1889 
Nov.    7,1889 

Nov.  3,1889 
Oct.  28,1889 
Nov.    5,1889 

. . .  .do 

Oct.  2i<,1889 


Reading. 


—3.95 
2.70 
2.40 

2.4 


4.5 
2.0 

-2.1 
2.50 
L5 
.57 
.40 


1890-»91. 


Date.         Reading. 


June  3,1891 
Juno  12. 1891 
June  13, 1891 

June  14, 1891 
..-.do 


...do 
...do 


— do 

do 

do 

do 

do 

Juno   5,1891 


15.35 
20.80 
20.62 

20.8 
19.97 

20.6 
19.30 

13.6 

14.0 

10.9 

7.88 

4.95 

2.6 


Differ- 
ence. 


19.30 

18.10 
18.22 

1&40 


16.10 
17.30 

16.7 

1L50 

9.4 

7.31 

4.55 


Owing  to  the  great  pressure  of  levee  work  and  the  absorbing  duties  incident  to 
the  recent  high  water  the  gauge  service  has  not  received  the  attention  during  the 
past  year  that  should  have  been  given  to  it. 

Tjie  gauges  on  the  Mississippi  within  the  limits  of  the  district  are  now  under  two 
separate  administrations,  and  the  contrast  in  the  degree  of  efficiency  attained  dur- 
ing the  past  year  can  not  be  claimed  to  be  in  favor  oithis  office.  It  is  Tecommended 
that,  if  practicable,  arrangements  be  made  to  place  all  these  gauges  under  one 
charge. 

AMES  CREVASSE. 


This  crevasse  occurred  at  a  point  in  the  levee  on  the  right  bank  between  the  two 
spur  dikes  constructed  in  the  Greenville  Bend  in  1889  and  1890.  It  was  directly  oji- 
posite  the  Audubon  Park,  sixth  district,  city  of  New  Orleans. 

The  levee  here  was  generally  an  efficient  embankment  having  a  ciy)wn  of  8  feet,  a 
slope  on  the  river  side  of  3  to  1,  and  on  the  laud  side  of  2  to  1.  It  was  wdl  sodded 
and  the  front  slope  had  been  protected  from  wave  wash  by  a  board  revi'tment  built 
some  time  previous  to  the  high  water  season.  There  was  a  batturo  i*'.)out  60  feet 
wide  adjacent  to  the  break,  over  which  the  water  stood  at  a  depth  of  about  3  feet. 
The  crown  of  the  levee  had  a  height  above  the  batture  of  5  feet,  and  above  the 
ground  in  the  rear  of  about  10  feet.  The  water  was  within  2  feet  of  the  crown  at 
the  time  the  break  occurred.  In  October,  1890,  an  iron  pipe  had  been  placed  through 
the  levee  several  feet  below  the  surface  of  the  gi'ound  ou  the  land  side,  and  it  is 
believed  that  the  crevasse  was  caused  by  the  careless  manner  in  which  the  earth  was 
replaced  over  the  pipe,  as  the  break  started  through  the  crown  and  at  first  had  a 
depth  of  only  3  feet. 

The  break  occurred  in  the  evening  on  M.arch  16,  and  on  the  18th  measurement 
showed  its  width  to  be  164  feet.  Daily  mcasurcmcuts  were  made  until  Juno  3, 1890, 
when  it  had  attained  a  width  of  1,665  feet. 

Gauges  were  also  established  to  determine  the  efiect  upon  the  height  of  the  river 
in  the  vicinity  and  the  height  of  the  backwater. 

A  discharge  section  was  established  below  and  measurements  taken  with  a  view 
to  determining  the  discharge  of  the  crevasse  by  deducting  the  discharge  of  the  sec- 
tion below  from  that  found  at  the  Carrollton  section  where  the  discharge  was  also 
being  taken  at  the  same  time,  since  it  was  not  practicable  to  get  reliable  discharge 
measurements  directly,  owing  to  the  velocity  of  the  current  and  the  irregularity  of 
the  crevasse  sections. 

The  results  of  the  measurements  show  such  abnormal  variations  in  the  discharge 
at  the  lower  section  that  they  can  not  be  accepted  as  reliable.  The  disoliargo  of  the 
crevasse  is  estimated  to  have  been  about  91,000  cubic  feet  per  second  between  April 
6  and  April  14. 

The  crevasse  undoubtedly  produced  considerable  disturbance  in  the  current  at  the 
lower  discharge  section,  as  is  indicated  by  the  formation  of  a  bar  in  the  river  near 
that  point  where  there  was  formerly  deep  water. 

An  attempt  was  made  to  establish  an  ob8erv^ation  station  in  the  throat  of  the  cre- 
vasse. Three  telegraph  poles  about  44  feet  long  were  securely  fastened  together  at 
the  top  by  bolt-s  and  wire  lashing,  the  butts  being  separated  ai\^  lield  in  pla«Q  by 
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l>ra<'e8  or  crosH  pieros  fastened  to  the  poles  hy  etroiiij  iron  clevises  and  dowels  and 
la.sliiii^8  of  wiru.  The  structure  hod  a  triangular  base  35  feet  on  a  side  and  to  the  foot 
of  each  pole  were  secured  three  car  wheels  weip^hing  558  pounds  each  to  serv^e  as 
ballast  and  to  give  the  stand  a  bearing  in  the  soft  mud.  This  tripod  was  built  on  a 
barege  and  then  movecl  out  over  the  end  until  the  outboard  portion  overbalanced  that 
on  deck,  the  top  being  lashed  to  the  deck  to  prevent  it  irom  tipping.  This  barge 
was  then  taken  in  tow  by  a  tug  having  a  500-foot  towlino  and  maneuvered  till  the 
barge  was  drawn  into  the  crevasse,  whue  the  tug  being  clear  of  the  swiftest  current, 
could  hold  it  in  position  by  steaming  ahead.  When  in  the  proper  position  the  lash- 
ing was  cut  and  the  tripod  launched  overboard,  landing  upright  in  the  deepest  part 
of  the  crevasse,  where  it  stood  in  about  11  feet  of  wafer  and  a  swiit  current.  One 
of  the  logs  was  broken  by  the  shock  of  the  fall  near  the  top.  but  the  structure  as  a 
whole  remained  in  position  and  otherwise  uninjured.  Thougn  by  the  time  there  was 
an  opportunity  to  place  the  tripod  the  water  had  fallen  and  the  current  diminished 
materially,  and  there  was  no  need  of  it  as  an  observation  station,  the  experiment 
showed  that  it  would  be  quite  possible  to  successfully  plant  such  structures  in  a 
flowing  crevasse  without  difficulty. 

The  crevasse  completely  internipted  three  railroads,  the  Texas  and  Pacific,  the 
Southern  Pacific,  and  the  Grrand  Isle  and  Fort  Jackson.  The  latter  is  a  local  road  and 
no  attempt  was  made  to  reestablish  traffic  on  it,  but  the  service  of  the  other  roads 
WAS  kept  up  in  an  imperfect  manner  by  transfer  boats  to  a  point  17  miles  above  the 
city,  at  which  point  the  railroad  tracks  were  only  partially  submerged  by  the  back- 
water from  the  crevasse,  and  by  means  of  trestle  work  and  constant  repairs  admitted 
of  travel. 

The  following  data  concerning  the  damage  caused  by  this  crevasse  was  compiled 
by  Assistant  Engineer  W.  J.  Hardee.  The  estimates  are,  of  course,  approximate  and 
they  were  made  from  information  collected  from  local  officials^  railroad  companies, 
and  other  sources  which  may  be  considered  reliable,  though  greater  accuracy  could 
be  attained  with  more  time  for  careful  surveys  and  inquiry. 

Acres. 

Total  overflowed 1,896,224 

Cultivated  land  overflowed : 

Sugar 62,914 

Com 48,653 

Rice 89,733 

Total... .J 151,300 

Miles. 

Railroad  track  in  overflowed  section 146 

Track  entirely  destroyed 2 

Track  on  which  traffic  was  suspended 84 

Track  partially  destroyed,  had  to  be  cribbed  up  above  water 60 

Estimated  damage. 

Agriculture $7,683,793 

Livestock 2;  700 

Drainage  and  canals 64, 700 

Buildings  and  fences 92, 350 

RaUroads 533,400 

Total 8,376,943 

The  immediate  effect  of  the  break  was  a  general  relief  from  aiixioty  in  this  city  at 
a  timewhentjicriver  was  very  little  lower  tlian  the  higlu'tst  level  it  hjis  ever  reached 
since  authoritative  records  have  been  kept,  and  from  the  date  of  the  crevasse,  when 
the  Carroll  ton  gauge  stood  at  16  feet,  there  was  a  steady  fall. 

Wliat  the  results  would  have  been  had  a  similar  crevasse  taken  place  on  the  oppo- 
site side  of  the  river  might  form  an  interesting  subject  for  speculation. 

There  were  only  two  other  openings  in  the  levees  of  this  district  during  the  flood, 
the  one  at  Henderson  (713  R)  which  was  a  break  made  in  1890  and  not  closed  before 
high  water,  and  the  one  at  Ferriday  (693  R)  which  occurred  on  the  night  of  May 
5,  1891,  after  the  water  had  fallen  considerably. 

Both  werd  local  in  their  effects  and  unimportant  and  no  dischar,<;e  measurements 
were  made  at  either.  At  Henderson  the  gap  was  1,075  feet  in  width  and  the  maxi- 
mum discharge  may  have  been  about  26,000  cubic  feet  per  second.  At  Ferriday 
the  opening  was  97  feet  wide  before  it  was  closed  and  the  estimated  discharge  was 
about  3,400  cubic  feet  per  second. 

The  latter  break  was  closed  by  sacks  filled  with  earth. 
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When  it  became  evident  that  a  larse  flood  was  probable,  discharge  meafiaremeiiti 
were  undertaken  at  Warrenton,  Red  River  Landing  and  Carrolltony  as  well  as  at 
Simmsport  on  the  Atchafalaya.  The  section  at  Warrenton  proved  unreliable  on 
account  of  cross  currents  and  eddies^  and  as  no  good  section  could  be  found  near  the 
party  was  moved  to  Natchez. 

The  following  table  gives  the  maximum  discharge  at  each  station  and  the  dates, 
for  18d0  and  1891 : 


Station. 


ICiJUissippi : 

Warrpnton 

Natchez 

Bed  Kiver  Laudiug 

CiUTollton 

Atchafalaya: 

Simmsport 


1890. 


Great«fit 
discharge. 


OuJbiefeet. 
1,  a-H,  725 
1, 3iM>,  492 
1, 487,  »02 
1, 28(s  008 

480,708 


Dato. 

Apr. 

12 

Mar. 

17 

Mar. 

7 

Mar. 

20 

May 

12 

1891. 


Gnvitest 
discbargo. 


Cfubie/eet. 

i*B28,*8e».'825 
1,159,852.177 
1,217,807.  35 

820, 545. 792 


Dato. 


Mar.  30 
Apr.  2 
Apr.    9 

Apr.  11 


Details  of  the  resnlts  are  given  in  the  reports  of  the  assistants  who  made  the  sev- 
eral obftorvatious. 

The  sections  of  the  river  at  the  Morganza  and  Nita  crevasses  were  resounded  be- 
tween June  4  and  June  23,  1891.  The  results  of  these  soundings  in  comparison  with 
soundings  previously  made  are  sliown  on  accompanying  charts. 

The  estimate  for  stirveys,  gauges,  and  observations  for  the  ensuing  year  is  for  sal- 
aries of  gauge-keepers,  expensen  of  maintaining  gauges,  expenses  of  discharge  ob- 
servations and  expenses  of  surveys  for  which  no  specinc  allotment  is  made  is  $10;000. 

IMPROVING  MISSISSIPPI  RTVKR  (NO  UMIT). 

Money  statement 

(a)  Surveys,  examinations,  and  inspections: 

July  1, 1890,  balance  unexpended 

June  30, 1891,  amount  expended  during  fiscal  year 


$1, 507. 41 
1,607.41 


(h)  Ganges,  fourth  district : 

July  1, 1890,  balance  unexpended 

June  90,  1891,  amount  expended  during  fiscal  year. 


400.02 
400.02 


(c)  Surveys^  gauges,  and  observations: 
Amount  allotted  from  act  approved  September  19, 1890. 
June  30, 1891,  amount  expended  during  fiscal  year 


12,000.00 
6,299.50 


July  1, 1891,  amount  available 5, 700. 50 


(  Amountthat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1893  10, 000. 00 
<  Submitted  in  compliance  with  requirement-s  of  sections  2  of  river  and 
(     harbor  acts  of  1866  and  1867. 


COMMERCIAL  STATISTICS. 

The  following  commercial  statistics  for  this  district  were  compiled  by  Assistant 
Engineer  W.  J.  Hardee. 

The  statistics  relating  to  the  foreign  commerce  of  the  port  of  New  Orleans  were 
kindly  furnished  by  Hon.  H.  C.  Warmoth,  collector  of  the  port. 

Statement  showing  the  approximate  re<:eipts  and  shipments  of  freight  hy  river  from  Jun^ 
1. 1890,  to  June  1,  1891,  compiled  from  information  derived  from  the  commercial  ex- 
changes of  the  representative  towns,  and  the  sevei*al  business  houses  and  landings^  wher* 
the  steamboats  receive  and  discliarge  cargoes,  and  from  the  records  of  the  custom-house 
port  of  New  Orleans, 

ITATCHEZ,  MISSISSIPPI. 

Receipts, 

Nnmber  of  steamboats  in  the  trade 

Number  of  times  arrived 8^ 

Number  of  barges 

Total  cargo  arrived  (tons) 106,  £ 

Value  of  same $1,734,027. 
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ARTICLES  OF  CARGO. 


Cotton bales. . 

Lumber feet,  B,  M . . 

Wood cords. . 

Com  meal barrels.  . 

Oats sacks.. 

Bran.. do 

Wrapping  paper,  .packages. . 

ITardware do 

Wooden  ware do ... . 

Cotton  8ee<l sacks. . 


15,500 

7,000,000 

960 

37, 482 

101, 450 

13,189 

605 

10, 374 

7,628 

65,307 


Coal bushels . .  1,  250, 000 

Sacks,  empty bundles . .  1, 150 

Flour barrels . .  19, 156 

Corn sacks..  a5,  840 

Wet  barrels number..  987 

Sash,  doors  and  blinds,  pack- 
ages    769 

Groceries packages . .  18, 780 

Miscellaneous do 1,  150 


Shipments. 

Number  of  steamboats  in  the  trade 38 

Number  of  times  departed 717 

Total  cargo  shipped  (tons) 28, 104 

Value  of  same $l,0a5,890 

ARTICLES  OF   CARGO. 


Cotton bales. .  10, 527 

Cotton -seed  oil gallons. .  154, 677 

Cotton  linters pounds . .  176, 775 

Lumber feet,  B.  M..  1,490,600 

Ice tons . .  1, 998 

Flour barrels..  14,876 

Com sacks..  42,842 

Wet  barrels number..  944 

Bashy  doors  and  blinds,  pack- 
ages   653 

Oroceriee packages . .  15, 683 

Cotton  batting bales . .  583 


'  Miscellaneous packages. 

;  Cotton  cloth yards. 

I  Cotton  seed  meal sacks. 

'  Sacks,  empty number. 

^  Shingles do . . . 

Corn  meal barrels. 

i  Oats sacks . 

I  Bran..." do... 

Wrapping  paper . . .bundles. 

Hardware packaj^es . 

Wooden  ware do . . 

Bricks number. 


1.052 

76i,  575 

12,305 

2.084 

910,  500 

31,  462 

73,  197 

7,670 

8(59 

8,  558 

5,i)76 

21.5,  600 


RECAPITULATION  FOR  NATCHEZ,  MISSISSIPPI. 

Total  cargo  received  and  shipped  (tons) 1^5, 005 

Total  value  of  cargo  received  and  shipped $2, 829, 917 

VIDALIA,  LOUISIANA. 

Number  of  steamboats  in  trade ,38 

Number  of  times  they  have  landed 819 

Number  of  barges. .  i 2 

Total  cargo  received  and  shipped  (tons) 12, 392 

Total  value  of  cargo  received  and  shipped $781 ,  976. 75 

ARTICLES  OF  CARGO. 


Cotton bales..  12,560 

Cross  ties number..  5,147 

Corn .  -  ->. sacks . .  12, 519  j 

Corn  meal barrels..  5,314  ; 

Hay l)ales..  1,870  | 

M  iscellaneous packages . .  7, 200  | 

Furniture do....  3,500  ! 

Molasses bari'els. .  325 

Liime do 180 

Coal bushels..  24,000 


Cotton  seed sacks . 

Bran do . . . 

Oats do... 

Flour barrels. 

Liquors  do . . , 

Meat  (salt) boxes . 

Sugar barrels. 

Groceries packages , 

Hardware do . . . 

Lumber feet,  B.  M . 


58,400 

900 

15, 4()5 

2,  758 
150 
175 
410 

3,  325 
1,275 

196,  750 
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BAYOU  SARA,  LOtTISIANA. 

NiiinlK'r  of  si<'amlM)ats  in  the  trado 48 

Number  of  tiinoH  they  arrived 1, 019 

Nuiiihrrof  h:ir-;(\s 17 

Total  cargo  arri vimI  ( tons) 29, 321 

Value  of  name  ..: $1,113,719 


AHTICLKS  OF  CARGO. 


Cotton bales. 

Potatoes barrels . 

Florur  do . . . 

Corn sackB. 

Meat  (salt) pounds , 

Lard do . . . 

IJaj^ijjing rolls . 

Hay bales, 

Jiran sacks. 

Soda  ])op boxes . 

Furniture   packages. 

Wooden  ware do . . . 

Sugar barrels. 

Rice   do... 

Tobacco pounds. 

Fertilizers tons . 

Ice do . . , 

Lumber feet,  B.  M, 


5,560 

2,218 

11,509 

21, 525 

1, 479, 870 

64,625 

5,000 

6,241 

3,278 

480 

2,160 

20,985 

1,600 

350 

40,700 

115 

800 

500,000 

Coal   bushels. 

Com  meal barrels. 

Pork do . . . 

Oats  sacks . 

Soap pounds. 

Beer   casks. 

Ties bundles. 

Lime barrels. 

Grits  . . , do . . , 

Groceries i>ackages. 

Hardware do . .  . 

Molasses barrels , 

Coffee sacks. 

Salt do... 

Miscellaneous i)ackage8 . 

Wire coils. 

Cement baiTels. 


225,000 

25,140 

7,621 

37,058 

10,800 

1,545 

6,500 

'     420 

8,596 

18,000 

5,000 

510 

1,275 

1,200 

7,000 

4,500 

500 


ShipmenU, 

Number  of  steamboats  in  the  trade 48 

Number  of  times  departed 747 

Total  cargo  shipped  (tons) 19, 940 

Value  of  same $1,193,396.00 


ARTICLES  OF  CARGO. 


Cotton bales..  18,340 

Lumber feet,  B.  M . .  250, 000 

Com  meal barrels . .  4, 625 

Pork do....  1,980 

Oats sacks . .  20, 600 

Soap poiuids . .  2, 500 

Bagging rolls . .  2, 000 

Hay bales..  3,500 

Cement barrels . .  50 

Grits do ... .  7, 175 

Furniture packages. .  600 

Wooden  ware do ... .  12,  600 

Sugar barrels . .  600 

Rice do....  200 

Tobacco pounds. .  10, 000 

Wire coils. .  1, 125 

Ice tons..  600 


Cottonseed sacks..  60,000 

Potatoes barrels. .  1, 286 

Flour   do....  2,150 

Corn sacks..  11,300 

Meat  (salt) pounds..  225,000 

Lard do....  12,500 

Ties   bimdles..  2,800 

Lime barrels..  225 

Bran sacks..  1, 200 

Groceries packages. .  2, 879 

Hardware tons. .  45 

Molasses barrels . .  175 

Coffee sacks . .  525 

Salt do....  480 

Miscellaneous packages . .  2, 165 

Beer   casks..  800 

Coal  bushels..  '120,000 


RECAPITULATION  FOR  BAYOU   SARA,   LOUISIANA. 


Total  cargo  received  (tons) 

Total  value  of  same 

Total  cargo  shipi)ed  (tons) 

Total  value  of  same 

Total  cargo  received  and  shipped  (tons) 
Total  value  of  same 


29,321 
$1, 113, 719 

19,940 
$1, 193, 396 

49, 261 
$2,307,116 


APPENDIX  Z  Z — ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.  3689 

BATON  ROUGE,  LOUISIANA. 

Receipts, 

Number  of  Rteamboats  in  the  trade 49 

Number  of  times  they  arrived 895 

Number  of  barges 108 

Total  cargo  received  (tons) 23,  313 

Total  value  of  same $2,257,360 


AimCUCS  OP  CARGO. 


Cotton bales.. 

Lumber feet,  B.  M . . 

Potatoes barrel. . 

Flour : do 

Com sacks.. 

Hay bales. . 

Pork  and  mess  beef. .  barrels . . 

•Vinegar do 

Wrapping  paper ..  .bundles.. 

Wooden  ware packages . . 

Bagging rolls. . 

Sugar barrels. . 

Bice do 

Tobacco pounds . . 

Moss   bales.. 

Hides number.. 


1,650 

13, 000, 000 

4,000 

45,100 

55,700 

9,000 

610 

135 

600 

31,540 

2,800 

1,925 

1,410 

285,600 

1,200 

1,995 


Cotton  seed tons. 

Coal bushels. 

Corn  meal barrels. 

Oats sacks . 

Bran do... 

Oils .' bands. 

Liquors do . . . 

Hardware packages. 

Groceries do . . , 

Miscellaneous do . . . 

Ties , bundles. 

Molasses barrels . 

Coft^e sacks. 

Dry  goods packages . 

Wool pounds. 

Cabbages crates. 


2,889 

3,750,000 

42,650 

80,000 

12,500 

318 

150 

24,670 

45,500 

4,980 

7,325 

2,150 

1,142 

8,200 

1,475 

900 


Shipments, 


Number  of  steamboats  in  the  trade. 

Number  of  times  departed 

Total  cargo  shipped  (tons) 

Total  value  of  same 


49 

693 

60,787 

$1, 737, 434 


ARTICLES  OP  CARGO. 


Cotton bales.. 

Cotton-seed  meal sacks . . 

Cotton  lin ters pounds . , 

Shingles number . , 

Moss bales. 

Hides number. , 

Potatoes barrels.. 

Com  meal barrels . . 

Oats sacks., 

Bran sacks.. 

Pork  and  mess  beef. barrels.. 

Oils barrels . . 

Wrapping  paper . .  packages . . 

Groceries packages . . 

Miscellaneous packages . . 

Ties buncues.. 

Molasses barrels. . 

Coffee sacks., 

Dry  goods packages.. 


12,  976 

17, 819 

100, 219 

25, 000, 000 

9,975 

15, 320 

5,987 

16,250 

35,100 

2,500 

325 

246 

250 

24,867 

3,000 

2,645 

3,790 

537 

1,100 


Cotton  seed. sacks.. 

Cotton-seed  oil gallons . . 

Lumber ieet,  B.  M . . 

Brick number.. 

Wool pounds  - . 

Cabbages crates . . 

Ice tons.'. 

Flour barrels. . 

Corn sacks.. 

Hay bales.. 

Vinegar barrels.. 

Liquors barrels. . 

Hardware packages. . 

Wooden  ^vare packages . . 

BaggiDg rolls . . 

Sugar barrels. . 

Rice barrels.. 

Tobacco pounds. . 


15, 

232, 

4, 750, 

4,250, 

4, 


19, 

43, 

4, 


11, 
19, 

21, 


500 
064 
000 
000 
260 
800 
125 
975 
760 
500 
76 
75 
125 
250 
950 
475 
625 
750 


RECAPITULATION  FOR  BATON  ROUGE,   LOUISIANA. 

Total  cargo  received  (tons) 23, 313 

Total  value  of  same $2,257,360 

Total  cargo  shipped  (tons) ^ 60, 787 

Total  value  of  same $1,737,434 

Total  cargo  received  and  shipped  (tons) 84, 100 

Total  value  of  same $3,994,794 
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PLAQUEMIXE,  LOUISIANA. 

Beeeiptt. 

Nnmber  of  Rtoam'hoatH  in  the  trade 60 

Number  of  times  they  arrived 453 

Number  of  barges 52 

Total  car^o  arrived  (tonA) 61, 110 

Total  value  of  Hame $819,176 


ARTICLES  OF  CARGO. 


Potatoes barrolfl . '. 

Com  mt*al do 

Grits do  — 

Com sack*.. 

Bran  (wheat) do 

Groceries  packages . . 

Wooden  ware do 

Molasses barrels. . 

Coflfee sacks. . 

Vinegar....- barrels.. 

Dry  goods packages . . 

Lime barrels . . 

Meat  (salt) boxt's. . 

Oysters barrels. . 

Crockery packages . . 

Coal bushels . . 

Moss bales.. 


^r\    ' 


2,650 
8,154 
3,478 
18,700 
5,000 
53,800 
2,000 

350 
1,315 

250 
1,495 

975 
1,423 
2,500 

213 
1,250,000 

110 


Onions barrels. 

Flour do . . . 

Hay bales . 

Oats sacks . 

Bran  (rice) sacks. 

Hardware packages . 

Sugar barrels. 

Rice do . . . 

Liquors do... 

Oils do... 

Miscellaneous packages. 

Beef  and  mess  pork .  barrels . 

Fruits packages. 

Machinery  (tons) 

Furniture 

Cotton-seed  meal sacks . 


820 
12,500 
2.000 
14,500 
2,100 
4,225 
2,150 
1,200 

375 

330 
«$,  ytsu 

510 

1,705 

40 

2,481 

5,000 


Number  of  steamboats  in  the  trade 

Number  of  times  departed 

Number  of  barges 

Total  cargo  shipped  (tons) 

Total  value  of  same 


Shipments, 


50 

388 

11 

57,899 

$596,899 


AUTICLKS  OK   CARGO. 


Lnmber feet,  B.  M. . 

Shingles number  .i. 

Sngar hogsheads . . 

Molasses barrels. . 

Moss bales . . 

Hides number. . 

Fish pounds . . 

Potatoes barrels . . 

Onions do ... . 

Com  meal do ... . 

Grits do 

Com sacks . . 

Bran do 

Hardware packages . . 

Rice barrels.. 


11, 250, 000 

50,000,000 

1,350 

3,000 

6,280 

12,500 

14,000 

687 

375 

2,980 

2,700 

L250 

160 

1,647 

400 


Liquors barrels. 

Dry  goods packages . 

Fruits do . . . 

MiscoUaueous do... 

Honey barrels. 

Flour do . . . 

Hay bales. 

Oats sacks . 

Groceries .packages . 

Wooden  ware do . . . 

Coffee sacks . 

Oils ; barrels . 

Furniture packages . 

Salt  meats boxes. 


53 

187 

200 

1,250 

30 

4,250 

200 

3,600 

6,500 

850 

620 

25 

400 

150 


RECAPITULATION  FOR  PLAQUKMINE,   LOUISLA.NA. 

Total  cargo  received  (tons) 61, 110 

Total  value  of  same $819, 176 

Total  cargo  shipped  (tons) 57, 899 

Total  value  of  same $596, 899 

Total  cargo  received  and  shipped  (tons) • 119, 009 

Total  value  of  same, $1,416,075 

DOXALDSONVILLE,  LOUISIANA. 

lieceipts. 

Number  of  steamboats  in  the  trade 41 

Number  of  times  they  arrived 963 

Nnmber  of  barges 104 

Total  cargo  received  (tons) 105, 172 

Total  value  of  same $929,570 
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ARTICLES  OF  CARGO. 


Com  meal •. pounds . .  675 

Grits bajTtls..  830 

Liqnors do 400 

Vinegar do 98 

Oats sacks..  16,700 

Bran  (wheat) do....  fOO 

GrocerieH packa  j^en . .  2, 100 

Wooden  ware do 987 

Crockery do 150 

MiscellaneouH do 1, 125 

Oysters barrels . .  360 

Potatoes do 1, 250 

Acids  (carboys) 1, 000 

Sngar barrels. .  15, 000 

Rice do....  2,000 

Charcoal sacks..  600 


Flonr barrels. 

Meat  (salt) boxes . 

Oils barrels . 

Corn sacks  - 

Hay bales . 

Bran  (rice) sacks. 

Hardware packages . 

Dry  goods do . . . 

Lime barrels . 

Fruits packages , 

Lumber feet,  H.  M . 

Onions barrels . 

Coal bushels . 

Molasses barrels . 

Coffee sacks . 


610 

450 

645 

11,500 

2,000 
100 
110 
200 

1,000 

980 

60,000 

340 

2,500,000 

4,000 
840 


Shipments. 

Number  of  steamboats  in  the  trade •. 41 

Number  of  times  they  departed 591 

Total  cargo  shipped  (tons) 6, 059 

Total  value  of  same $482,700 

ARTICLES  OF  CAKGO. 


Sugar barrels..  20,000 

Hides number..        200 


Molasses barrels..  12,000 

Miscellaneous packages . .     1, 150 


RECAPITULATION  FOR  DONALD  SONY  ILLK,   LOUISIANA. 

Total  cargo  received  (tons)  105,172 

Total  value  of  same $929,570 

Totkl  cargo  shipped 6,059 

Total  value  of  same $482,700 

Total  cargo  received  and  shipped  (toifs) Ill,  231 

Total  value  of  same $1,412,270 

The  above  towns  are,  strictly  speaking  ''  way  points,'^  and  not  termini,  and  the 
net  tonnage  or  carrying  capacity  of  the  steamboats  that  do  business  at  those  places 
ia  not'  given,  as  it  wouM  not  show  the  proper  relation  between  what  would  then  be 
made  tne  possible  tonnage  and  the  actual  tonnage  brought. 

All  New  Orleans  steamboats  are  counted  "arrived"  wnen  they  stop  on  their  jour- 
ney up  the  river,  and  "departed"  when  they  stop  on  their  way  down  to  New  Or- 
leans. 

The  St.  Louis  and  OMo  River  steamboats  are  counted  arrived  when  they  stop  on 
their  journey  down  the  river,  and  departed  when  they  stop  on  their  way  up  stream. 

Owing  to  the  obscure  records  obtainable,  many  articles  of  a  like  character  are 
styled  under  one  head. 

Statement  shawing  the  amount  and  value  of  commerce  passing  out  of  Red  River  and  its 
tributaries  throtigh  Old  River  into  the  Mississippi  River,  compiled  hy  Mr,  W,  J.  HardeCj 
assistant  engineer,  from  the  river  column  of  the  New  Orleans  Daily  States,  and  from 
the  assistance  furnished  by  the  commercial  exchanges  of  New  Orleans,  Louisiana. 

[The  period  embraced  by  this  report  extends  from  Jane  1, 1890,  to  June  1, 1891.] 

STATEMENT. 

Number  of  steamboats 17 

Trips  made  by  them 501 

Net  tonnage  of  same 101, 604 

Number  of  barges 24 

Net  tonnage  of  same 14, 400 

Total  tonnage  of  steamboats  and  barges 116, 004 

Total  cargo  brought  (tons) 92, 232 

ValneofBame $10,951,108 
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ARTICLES  OF  CARGO. 


Bottles  (empty) barrels. .  1, 000 

Cabbage crates . .  228 

Cotton -seed  oil barrels . .  4, 241 

Excelsior bales. .  1, 512 

Hides pnokages. .  1, 675 

Honey barrels. .  14 

Iron  ware packages .  -  252 

Moss bales. .  698 

Miscellaneous packages. .  137 

Potatoes barrels. .  548 

Poultry coops. .  75 

Peas barrels. .  52 

Rice sacks..  22,495 

Skins packages..  22 

Sugar barrels . .  32, 631 

Seed  cotton sacks. .  37 

Tallow barrels. .  73 

Wood cords..  1,970 


Bones sacks..  274 

Cattle head..  237 

Cotton bales..  189,260 

Cotton  seed sacks. .  435, 045 

Eggs packages. .  2, 605 

Hides loose..  568 

Hogs nnniber..  599 

Horses  or  mules head . .  35 

Lumber feet,  B.  M...  43,702 

Molasses barrels. .  14, 401 

Pecans do 123 

Potatoes sacks. .  1, 050 

Pitch barrels . .  52 

Peas sacks. .  119 

Sheep head..  41 

Sugar hogsheads . .  3, 612 

Straw bales. .  715 

Staves  (oak) number. .  92,  296 

Wool bags..  520 

This  does  not  include  the  upstream  freights,  which  must  be  nearly  equal  to  the 
downstream  ones. 

Statement  showing  the  river  arrivals  at  New  Orleans,  La,,  from  June  i,  1890,  to  June  1, 
1891,  compiled  by  Mr.  W.  J.  Hardee,  assistant  engineer,  from  the  river  column  of  the 
New  Orleans  Daily  States  and  from  assistance  furnished  by  the  commercial  exchanges 
of  New  Orleans,  La, 

ABOVE  THE  CITY. 

Steamboats  (number) 51 

Trips  made  by  them 1, 417 

Net  tonnage  of  same ; . .  665, 610 

Towboats  (number) ^  45 

Trips  made  by  them 134 

Net  tonnage  of  same , 51, 810 

Barges  (number) 929 

Net  tonnage  of  same 418>  050 

Number  of  luggers  (sailing) 18 

Trips  made  by  them 162 

Net  tonnage  of  same 4, 860 

Total  tonnage  (steamboats,  towboats,  barges,  and  luggers) 1, 140, 350 

Total  cargo  brought  (tons) 1,343,061 

Value  of  same $54,332,685 

BELOW  THE  CITY. 

Steamboats  in  local  trade 6 

Trips  made  by  them 321 

Net  tonnage  of  same 31, 039 

Luggers  (sailing)  in  local  trade 218 

Trips  made  by  tiiem 4, 250 

Net  tonnage  of  same 130, 800 

Total  tonnage  (steamboats  and  luggers) 161, 839 

Total  cargo  brought  (tons) 22, 422 

Value  of  same $1,729,092 


RECAPITULATION. 


Total  arrivals  (steamboats,  towboats,  barges,  and  luggers)  above  and 

below 7,193 

Total  net  tonnage,  above  and  below 1, 502, 169 

Total  cargo  brougnt,  above  and  below  (tons) 1, 365, 483 

Value  of  same $56,061,777 


wa= 
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ABTICLES  OF  CARGO. 


AoidB carboys.. 

Apples barrels. . 

Ammonia drums. . 

Apples dried. . 

Buckets dozen.. 

Baking  powder boxes. . 

Barley sacks. . 

Baggies number. . 

Beef barrels.. 

Beer casks.. 

Bagging rolls.. 

Barrels,  empty number. . 

Beans barrels  and  sacks. . 

Bungs barrels.. 

Bacon boxes.. 

Bitters do 

Bones sacks.. 

Brushes boxes. . 

Blueing cases.. 

Butter packages.. 

Bran sacks . . 

Broom  com bales. . 

Bricks,  fire number.. 

Bottles,  empty barrels . . 

Brooms dozens. . 

Clippings bales.. 

Clothespins boxes . . 

Copper pounds . . 

CorK bags. . 

Cement barrels. . 

Carriages number. . 

Caudles boxes.. 

Cattle head. . 

Cabbage crates. . 

Canned  goods boxes . . 

Carts number.. 

Cartridges  ..  .number  cases.. 

Cider packages . . 

Coal bushels . . 

Coke do 

Com sacks.. 

Com bushels.. 

Cotton-ties bundles . , 

Cotton  seed sacks. . . 

Cotton-seed  ashes  . .  barrels . , 

Cotton-seed  oil do 

Cotton-seed  meal sacks . . 

Carbons boxes. . 

Com  meal barrels.. 

Com  meal sacks. . 

Cigars cases.. 

Cotton  linters . .  .• bales . . 

Crockery packages. . 

Dry  goods packages . . 

Drags '. do 

Excelsior bales. . 

Eggs packari:es.. 

Earthenware .*. .  crates . 

Feed  meal sacks.. 

Fire-clay .  - barrels . . 

Flour half  barrels.. 

Flour barrels . , 

Flour  sackrt sacks . 

Furniture packages . 

Fruit,  dried do 

Flaxseed barrels . . 

Grindstones number . . 

Glassware packages.. 


3,939 

305 

312 

327 

L778 

265 

50 

109 

108 

1,405 

37,625 

2,610 

490 

161 

497 

6,009 

521 

24 

4 

368 

78,708 

1,695 

50,620 

3,100 

422 

19 

415 

-   4,580 

193 

883 

15 

582 

619 

725 

151 

44 

200 

100 

10, 766, 200 

175, 060 

180,  693 

3, 871, 187 

142, 800 

1, 668, 515 

424 

3,393 

122, 191 

556 

79, 989 

3,W4 

12 

231 

2,517 

815 

4,230 

2,800 

7,223 

47? 

6,568 

630 

48,079 

327,  785 

3,626 

33,a59 

28 

118 

5,371 

17, 431 

Groceries packages . 

Grits barrels. 

Glycerine do... 

Glucose do... 

Glue do . . . 

Hams cases. 

Hubs bundles . 

Hair bales. 

Hay do... 

Hay half  bales. 

Hay quarter  bales. 

Hogs head. 

Hoop-poles number. 

Hominy barrels . 

Handles bundles. 

Horns sacks . 

Hides loose. 

Honey barrels. 

Horses  and  mules head. 

Hose packages. 

Hinges barrels. 

Hardware luiekagos . 

Iron  ware packages . 

Ink boxes . 

Kraut barrels. 

Kegs  (empty) number. 

Lard packages . 

Leather bundles . 

Laths number. 

Lumber feet,  B.  M . 

Lead pigs  and  packages. 

Lye cases. 

Ijime barrels- 

Mops dozen. 

Mattresses,  wire  ..  .number. 

Mattresses do . .  . 

Mucilage boxes. 

Machinery pieces . 

Moss bales. 

Molasses barrels. 

Meat eases . 

Meat bales. 

Millet sacks. 

Malt do . . . 

Mirrors   boxes . 

Miscellaneous packages. 

Nails kegs . 

Oysters  (shells) barrels . 

Oats sacks. 

Oats  (bulk) bushels. 

Oatmeal barrels. 

Oil do... 

Onions sacks. 

Onions barrels. 

Oranges do . . . 

Pipe packages. 

Pecans barrels. 

Plows number. 

Pickles barrels , 

Pickles cases. 

Potatoes sacks. 

Potatoes barrels. 

Poultry coops. 

Pork barrels. 

Pitch do... 

Preserves cases. 

Putty barrels. 

Paint packages. 


3,598 

49,672 

118 

915 

43 

1,581 

61 

1,660 

5,9^ 

9,425 

6,744 

842 

27,941 

220 

4,841 

6 

527 

54 

448 

15 

274 

22,580 

42,728 

302 

225 

3,234 

95,944 

395 

20,000 

1, 578, 950 

592 

195 

3,065 

235 

50 

337 

64 

128 

4,508 

275, 559 

74 

2 

721 

7,844 

1,327 

40, 419 

35,745 

1, 550, 000 

338, 659 

89,960 

326 

4,926 

14, 731 

1,389 

33,110 

2,520 

2,659 

6,867 

410 

10,821 

70,268 

58, 815 

564 

2,191 

238 

321 

150 

739 
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ABTiCLES  OF  CARGO— <?ontiiined. 


Peanuts bags . . 

Pease sacks . . 

Pea«e barrels. . 

Paper bundles.. 

Rope coils . . 

Rags balea . . 

Rye sacks . . 

Rice barrels . . 

Rice sacks .  - 

Shot pockets. - 

Sheep number. . 

Skins package^-- 

Soap  Htock barrels . . 

Sacks bales . . 

Shoes cases .  - 

Seed  (garden) packages . . 

Soap boxes . . 

Staples -kegs . . 

Starch boxes.. 

Stone pieces . . 

Spades  and  shovels .  bundles . . 

Sash  weights number. . 

Sugar hogsheads . . 

Sugar barrels . . 

Screenings sacks . . 

Staves  (oak ) number . . 

Saddlery packages . . 

Syrup barrels . . 

Showcases number . . 

Straw bales.. 

Seed,  cotton sacks. . 

Stoves number. . 


2,070 

245 

211 

6,855 

616 

32 

225 

775 

263,111 

3,936 

858 

25 

237 

1,175 

58 

869 

14,353 

1,140 

42,948 

72 

1,024 

11,450 

97,  498 

417,405 

605 

1, 955, 478 

2,425 

6,007 

237 

4,661 

1,530 

3,775 


Spikes kegs.. 

Steel  sheets packages . . 

Sawlogs  (10-foot  lengths).   No 

count  made  of  tonnage 

Springs  (car) number. . 

Tallow barrels. . 

Tobacco cases. . 

Tobacco hogsheads . . 

Toys packages . . 

Tinware do 

Tubs do 

Trunks number.. 

Varnish barrels . . 

Vegetables crates . . 

Vinegar barrels . . 

Wooden  ware packages . . 

Wax barrels . . 

Wool bags. . 

Wagon  ware packages.. 

Wheat sacks . . 

Wheat  (bulk) bushels.. 

Willow  ware packages . . 

Whisky barrels . . 

WTiisky  and  wines cases  - . 

White  lead do 

W^hite  lead kegs . . 

Wine barrels . . 

Wire  . . .". reels . . 

Wheelban'ows bundles . . 

Wood cords . . 

Wheels buudlea . . 

Zinc x^^^^^S^'^-- 


203 
1,755 

94,080 

882 

105 

965 

168 

221 

264 

42 

1,669 

62 

477 

3,049 

8,825 

5 

340 

2,981 

944 

1, 814, 429 

5,176 

259 

189 

1,317 

22,941 

104 

31,109 

97 

659 

146 

201 


This  list  includes  simply  the  freights  brought  to  New  Orleans  by  steamboats  and 
barges  on  the  Mississippi  River  and  does  not  include  the  large  atid  valuable  freights 
that  they  take  away.  No  record  is  kept  of  this,  and  it  is  impossible  to  furnish  even  a 
reasonably  accurate  estimate  of  its  value.  It  would  amount  to  a  very  large  sum  in 
the  aggregate,  probably  more  than  40  per  cent,  of  the  value  of  freights  received  at 
New  Orleans. 

Foreign  commei'oe,  port  of  Xew  OrUanif. 


Vesuels. 


Entrances. 


SteuD 
Sail . . . 


EBtimatf)  for  Juno : 

Stoain 

Sail 


No. 
920 
138 


Total 


74 
15 


1,147 


Tont. 

1,216,588 
78, 131 

86,  340 
5.663 


1,386,722 


Clearances. 


No. 
981 
128 

00 
6 


1,125 


Tone. 
1,222,325 
76,450 

43,170 
2.833 


1, 344, 278 


Total  value  of  exports  of  foreign  merchandise  to  foreign  countries: 

For  11  months  ending  May  31,  1891 

Estimated  for  June,  1891 


Total  for  fiscal  year  ending  June  30,  1891 


$854, 588. 00 
65,000.00 

919, 588. 00 


Total  value  of  exports  of  domestic  merchandise  to  foreign  coun- 
tries : 

For  11  months  ending  May  31,  1891 103,735,587.00 

Estimated  for  June,  1891 3,000,000.00 


Total  for  fiscal  year  ending  June  30, 1891 106,735,587.00 
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Grand  total  of  exports  of  foreign  and  domestic  merchandise  to  for- 
ei^  countries: 

For  11  montlis  ending  May  31, 1891.. $104,590,175.00 

Estimatedfor  June,  1891 3,065,000.00 

Total  for  fiscal  year  ending  June  30,  1891 107, 655, 175.00 


Total  value  of  imports  (free)  from  foreigu  countries: 

For  11  months  ending  May  31,  1891 11,074,559.00 

Estimated  for  June,  1891 1,200,000.00 

Total  for  fiscal  year  ending  June  30,  1891 12,274,559.00 


Total  value  of  imports  (dutiable)  from  foreign  fountiieH: 

For  11  months  ending  May  31,  1891 

Estimated  for  June,  1891 


Total  for  fiscal  year  ending  June  30,  1891 


6, 340, 018. 00 
•  450,000,00 

6, 790, 018. 00 


Total  value  of  imports  (specie)  from  foreign  countries: 

For  11  months  ending  May  31,  1891 

Estimated  for  June,  1891 


Total  for  fiscal  year  ending  June  30,  1891 


503,571.00 

48,000.00 

919,588.00 

Grand  total  of  imports  (free,  dutiable,  and  Hpeeie) : 

For  11  months  ending  May  31, 1891 17,918,148.00 

Estimated  for  June,  1891 1,698,000.00 

Total  for  fiscal  year  ending  June  30,  1891 19,  616, 148. 00 


Duties  collected : 

For  11  months  ending  May  31, 1891 
Estimated  for  June,  1891 


Total  for  fiscal  year  ending  June  30,  1891 


Miscellaneous  collections : 

For  11  months  ending  May  31, 1891 
Estimated  for  June,  1891 


Total  for  fiscal  year  ending  June  30,  1891 


1, 887, 385. 51 
125,000.00 

2, 012, 385. 51 


59, 066. 04 
6,000.00 

65,086.04 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  the  improvement 

of  MieHsaippi  Mver,  fourth  distnct. 


Glass  of  property. 

Approxi- 
mate value 
June  30, 
1891. 

Cla8.s  of  property. 

Approxi- 
mate value 
June  80, 
1891. 

Rteamfip  G^nfml  Newton 

$12,000 

4,000 

0,500 

6,000 

8,500 

2,000 

10, 000 

12,000 

12,000 

45,000 

2,200 

One  warehonse  bariEe 

$200 
200 

Steam  lannch  Rubv 

Flft'Oon  row  boata 

Klcam  tiiflf  General  Conistoclc 

Tools  and  appliances 

16,000 
1,500 

Steiini  tne  Tilda 

Office  fnmit  nrc 

Stoam  latinch  Alaslca 

Snrvevinff  inHtrunienta 

2,600 

Steam  launcli  No.  5. 

Drawing  instruments 

200 

One  tlrodse  boat 

Kailway  oars  and  trapkn 

1,000 

FotiT  dumn  acowii. .... 

Misc-cllaneous,  rock,  lumber,  etc 

Total 

58,000 

1^1  vA  nnarfer  host N  .                      

T  weniv-six  barcreii .. ........... 

195,800 

One  warehoaao  barife 

H'OTS One  dredge  boat  borrowed  firam  the  third  district,  Mississippi  River. 
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Liet  of  civil  engifieer»  employed  on  works  of  improvement  in  charge  of  Fint  Lieut.  John 
MHU9,  Corps  of  Engineers f  during  the  fiscal  year  ending  June  SO,  1891,  under  river  and 
harbor  appropriation  acts  of  August,  iSSG,  August,  1888,  and  September,  1890. 


Name  and  residence. 


Time  em- 
ployed. 


H.  S.  Douglas,  New  Orleans, 

La. 
W.  O.  Prfoe,  Simmaport, 

La. 

"W.  J.  Hardee,  New  Orleans, 
La. 


William  Garvin. 
6.£d.  Mott.... 


Compen- 
sation. 


$175 
200 
175 
200 
150 

175 


150 
140 


"Where  employed. 


New  Orloana 

LeTces , 

>Simm8port,  La 

Fourth  diatrict  Mia 

sissippi. 
Lev  ces 

New  Orleans,  La 

Simmsiiort,  La 


Works  on  which  employed,    v 


New  Orleans  Harbor. 
Levees  Tonaas  Basin. 

Bed  and  Atohafalaya  rivers. 

Surveys. 

Ganges  and  examlnatioDS 
levees  right  and  left  bank 
below  Red  Hiver. 

Xew  Orleans  Harbor. 

Hed  and  Atchafalaya  riven. 


Accompanying  and  forming  part  of  this  report  are  the  following  reports  of  assist- 
auts : 

Report  of  Assistant  Engineer  H.  S.  Douglas,  on  levees,  survey  at  Natchez,  Miss., 
and  vidaUa,  La.,  gaug^es. 

Report  of  Assistant  Engineer  W.  G.  Price,  on  improvement  of  Red  and  Atohafa- 
laya rivers,  surveys,  gauges,  and  observations. 

Report  of  Assistant  Engineer  W.  J.  Hardee,  on  levees  right  and  left  banks  below 
Red  River. 

Report  of  Assistant  Engineer  William  Garviu,  works  of  Imjirovement,  New  Or- 
leans Harbor,  La.,  surveys,  gauges,  and  observations,  protection  of  levees  right 
and  left  banks  below  Red  River. 

REPOKT  OF  MR.   H..S.  DOUGLAS,  ASSISTANT  ENGINEER. 

New  Orleans,  La.,  June  6, 1891. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  work  of  which  I 
have  had  immediate  charge  during  the  year  ending  May  31,  1890 : 


LEVEES  TENSAS  BASIN. 
CONSTRUCTION. 

On  June  1,  1890,  no  work  was  in  progress.  The  United  States  levees  were  gener- 
ally in  fair  condition,  there  being  but  one  break  in  Lake  Concordia  Levee  at  Fer- 
riday.  There  were  two  otlier  gaps  in  the  line  of  levees  on  the  Tensas  Front,  but 
they  were  not  in  United  States  levees. 

From  November  9,  1890,  to  December  14,  1890,  under  allot uieuts  made  by  the 
Mississippi  River  CommisHion,  the  following  levees  wore  advertised,  bids  received, 
awards  mcide,  and  contracts  entered  into : 

Cubic  yards, 

1.  Bedford  Levee  (606  R.),  about 30,500 

2.  Buckridge  Levee  (624  R.),  about 100,000 

3.  Kempe  Levee  (659  R.),  about 40,000 

4.  Gibson  Landing  Levee  (683.5  R.),  about 330,000 

5.  Ferriday  Levee  (693  R.),  about ; 75,000 

6.  Arnauldia  Levee  (702  R.),  about •  20,000 

7.  Henderson  Levee  (712  R.),  about 55, 000 

8.  Deer  Park  Levee  (722  R.)  about 75,000 

No  Airther  mention  of  Buokridge  Levee  will  be  made  in  this  report  as  the  contract 
was  closed  out  under  modification  of  original  agreement,  no  construction  work  hav- 
ing been  commenced. 

The  weather  during  January  and  February  was  very  unfavorable,  delaying  opera- 
tions considerably.  The  only  levee  completed  in  the  original  contract  time  was 
Arnauldia,  which  was  a  small  affair,  but  all  of  the  levees  except  Henderson  to  close 
actual  gaps  were  completed  either  before  or  during  high  water.  In  general  terms, 
considering  the  lateness  of  the  season  when  work  was  commenced,  and  the  early  rise 
of  the  river,  the  results  have  been  very  satisfactory. 

Levee  surveys  have  been  made  at  several  points,  either  for  present  or  prospective 
construction.  In  all  30  miles  of  levee  line  have  been  staked  out  and  levQled^  and 
8*9  miles  of  old  levee  have  been  traversed  to  locate  same  on  maps. 
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The  organization  and  personnel  employed  lias  consisted  of  one  .assistant  in  local 
charge,  one  general  inspector,  and  six  resident  inspectors.  The  duties  of  th«»  assist- 
ant were  the  nsual  duties  of  an  assistant  engineer.  The  general  inspector  was  under 
his  immediate  orders  and  acted  as  his  assistant,  l^e  resident  inspectors  were  sta- 
tioned on  the  different  levees  to  see  that  the  specifications  were  observed  and  made 
regular  reports  as  to  the  force  employed,  progress  etc. 

The  general  condition  of  levees  on  Tensas  Basin,  fourth  district,  at  date  of  this 
report  may  be  considered  satisfactory  and  showing  a  steady  improvement  so  far  as 
restraining  the  river  during  high  water  is  concerned.  But  one  crevasse  has  occurred 
daring  the  year^  and  it  was  an  insignificant  aftair  that  was  soon  closed.  This  break 
was  located  in  Lake  Concordia  Levee  within  1,(XX)  feet  of  the  crevasses  of  1884  and 
1890.  With  this  exception,  and  the  Henderson  Gap  which  the  contractors  failed  to 
close  before  the  high  jw^ater  of  1891,  the  line  of  levees  is  continuous  from  the  head  of 
the  district  to  Fairview,  the  present  terminus  of  the  public  system.  The  caving  of 
the  ri^er  banks  will  undoubtedly  cause  other  gaps  during  the  low -water  season. 

SUMMARY. 

Miles. 

Length  of  levees  under  construction 6. 7 

Length  completed  to  date 4. 7 

Length  of  levee  lines  surveyed .30 

Old  levees  traversed 8. 9 

PROTECTION. 

About  February  15  the  river  had  reached  a  dangerous  height  on  the  Tensas  Front, 
and  there  were  serious  apprehensions  of  a  destructive  flood. 

On  February  16  the  steamer  General  Neictony  belonging  to  the  work  of  improving 
the  harbor  at  New  Orleans,  left  for  the  threatened  locality,  to  assist  in  such  protec- 
tion work  as  might  be  necessary.  She  had  on  board  20,000  sacks.  Additional  sacks 
■were  sent  when  required. 

The  boat  arrived  on  the  Tensas  Front  on  February  19,  and  immediately  commenced 

Satrolling  the  river  and  inspecting  the  levees  between  Warrenton  and  Fairview. 
uch  outfit  as  was  considered  necessary,  in  the  way  of  wheelbarrows,  shovels,  and 
run  plank,  also  a  quarter  boat  and  a  small  barge,  were  borrowed  from  the  Atchafa- 
laya  work. 

Later  on,  when  the  Newton  was  required  elsewhere,  the  United  States  steamer  Thos. 
B,  Florence,  kindly  loaned  by  Capt.  J.  H.  Willard,  was  engaged  on  the  work. 

Contrary  to  general  expectation,  the  flood  of  1891  did  not  reach  the  height  of  that 
of  1890  on  the  Tensas  Front,  fourth  district.  At  Vicksburg  it  was  1  below,  at  St. 
Joseph,  1,3  below,  and  at  Natchez  2.1  below. 

The  flood  remained  94  days  above  the  danger  line  at  Vicksburg,  and  68  days  above 
the  danger  line  at  Natchez. 

In  consequence,  although  considerable  work  was  required,  no  raising  of  levees  was 
necessary.    None  of  the  levels  were  overtopped. 

Commencing  at  the  head  of  the  district,  the  first  levee  requiring  work  was — 

Poinl  Pleasant  Levee  (621..5  R.). — For  a  distance  of  about  one-half  mile  on  Lake  Pal- 
myra this  levee  is  exposed  to  wave  wash,  and  it  was  protected  with  sacks,  the  co^t 
for  labor  being  about  $151.70. 

Hard  Times  Levee  (631 R.). — A  small  amount  of  work  was  necessary  at  salient  angle 
where  the  rapid  current  had  commenced  to  wash  away  the  embankment.  The  cost 
of  labor  for  this  work  was  $8. 

Kempe  Levee  (659 R.). — This  levee  was  the  cause  of  more  trouble,  anxiety,  and  ex- 
pense than  any  other  portion  of  the  line.  The  river  rose  over  the  bank  before  the 
new  levee  had  been  completed,  and  it  was  necessary  to  build  a  small  protection  levee 
to  hold  out  the  river  until  the  main  line  was  completed.  The  attempt  was  success- 
ful. The  new  main  levee  was  composed  of  loose  sand,  and  when  the  water  came 
against  it  it  showed  signs  of  weakness.  A  continuous  seepage  ditch  was  dug  on  the 
land  side,  and  the  river  slope  was  sacked.  Valuable  experience  was  gained,  the  ditch 
espeeiaMy  being  of  the  greatest  benefit.  With  the  completion  of  this  work  Kempe 
Levee  was  thought  to  be  reasonably  safe,  but  the  river  bank  in  front  commenced  to 
cave  rapidly,  and  on  March  26  it  threatened  to  cause  a  breach  by  caving  in  the  junc- 
tion of  the  new  and  old  levees.  A  short  piece  of  levee  was  hastily  staked  out  to 
cover  the  threatened  point,  a  force  put  to  work,  and  a  rough  piece  of  embankment 
completed  by  April  10.  This  was  an  expensive  piece  of  work,  as  the  entire  front 
slope  was  heavily  sacked  to  prevent  injury  from  rush  of  water  should  the  front  levee 
cave  in.  In  the  meanwhile  a  very  large  and  dangerous  sand  boil  had  developed  at 
the  upper  end  of  the  old  Kempe  Levee.  It  was  partially  checked  by  a  liberal  use 
of  sacuB.  AU  the  work  done  was  successful,  and  its  total  cost  for  labor  was  about 
$4,400. 
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Oibaon  Landing  Lwee  (683.5  R.). — The  old  leyee  in  front  showed  aiffns  of  weakness 
and  a  coffer  dam  of  sacks  was  built  to  close  a  dangerous  crawfish  hole.  This  cost 
for  labor  about  $25. 

Lake  Concordia,  includina  ike  new  Ferriday  Levee  (693  R.). — ^As  at  Kempe,  the  new 
Ferriday  Levee,  to  dose  tne  crevasse  of  1890,  was  not  completed  before  the  river  rose 
over  the  bank,  and  it  became  necessary  to  build  a  protection  levee  to  hold  out  the 
water  until  the  new  bank  had  been  raised  to  a  safe  height.  The  work  was  snccess- 
ful.  With  the  continued  rise  of  the  river  the  Lake  Concordia  Levee  commenced  to 
show  signs  of  weakness,  and  considerable  work  was  done  in  the  way  of  sacking  to 
prevent  or  remedy  wave  wash,  and  earth  was  wheeled  in  on  the  river  side  to  dose 
some  of  the  crawfish  holes.  By  the  latter  part  of  April  the  river  having  commenced 
to  decline,  all  danger  was  supposed  to  be  over,  and  the  protection  force  was  with- 
drawn. On  tho  night  of  May  5,  a  break  occurred  from  some  unknown  cause  within 
1,000  feet  of  the  breaks  of  1884  and  1890.  Fortunately,  it  was  hot  nearly  so  disas- 
trous as  its  predecessors.  Owing  to  the  rapidly-falling  river  and  certain  topographi- 
cal features,  it  only  attained  a  width  of  97  feet  by  a  central  depth  of  12  ^t.  Cir- 
cumstances indicated  that  there  was  a  reasonable  prospect  of  success  in  an  attempt 
to  close  it.  Work  was  therefore  begun,  and  the  break  successfully  closed  with  a 
sack  dike  on  May  18.  Including  the  cost  of  closing  the  break,  the  work  done  on 
this  levee  cost  for  labor  about  $1,'800. 

Amauldia  Levee  (702  R). — ^The  levee  being  new  and  exposed  to  wave  wash,  had  to 
be  sacked  on  the  front  at  a  cost  of  about  $11. 

Henderson  Levee  (712  R). — The  sudden  rise  of  the  river  found  this  work  in  a  very 
backward  condition.  On  February  22  the  river  had  risen  over  the  bank  at  this 
point,  and  was  only  held  out  by  an  insignificant  ridge  of  sand  hastily  thrown  up  by 
the  contractors.  A  lar^e  portion  of  tho  main  line  of  levee  was  practically  untoucned, 
the  ground  in  the  vicinity  was  inundated,  and  the  river  rising  rapidly.  The  situa- 
tion was  evidently  hopeless,  but  a  few  sacks  were  used  to  reinforce  tne  small  ridge 
which  had  been  thrown  up  in  front.  As  anticipated,  this  was  of  no  avail,  and  on 
the  night  of  the  22d  the  river  rose  over  the  bank,  and  ran  through  the  unclosed  gap 
of  1890. 

Deer  Park  Levee  (722  R). — ^Here,  as  at  several  other  points,  the  main  line  of  levee  was 
incomplete,  and  it  was  necessary  to  build  a  protection  levee  to  restrain  the  river  until 
the  new  levee  was  completed.  The  quarter  boat  borrowed  from  the  Atchafalaya 
work  was  stationed  at  this  point,  and  with  a  force  of  men  and  outfit,  work  was  car- 
ried on  successfully  and  economically.  Two  protection  levees  were  built.  The  one 
in  front  about  3,000  feet  long  to  temporarily  close  the  main  gap  in  the  old  levee,  and 
the  other  running  from  a  point  on  the  new  levee  where  it  was  completed  to  the  old 
levee.  The  front  line  helu  until  the  new  levee  was  almost  completed,  and  when  it 
was  overtopped  the  second  line  restrained  the  water  so  successfully  that  a  portion 
of  the  new  Deer  Park  Levee  w  as  not  touched  by  the  flood  of  1891.  The  cost  of 
labor  on  this  work  was  about  $1,200. 

The  only  material  used  on  protection  work  was  sacks,  of  which  44,000  were  used, 
distributed  as  follows : 

Point  Pleasant .'. 2, 000 

Hard  Times 1,000 

Eempe 16,700 

Gibson  Landing ; 1, 000 

Lake  Concordia 17, 000 

Arnauldia 1,000 

Henderson 800 

Deer  Park 4,500 

Total 44,000 

SURVEY  OF  TIIK  MISSISSIPPI   UIVER  IN  THR   VICINITY  OF  NATrilKZ,  MISSISSIPPI,  AND 

VIDALIA,    LOUISIANA. 

The  survey  was  commenced  in  the  early  part  of  February,  but  oiierations  wero  soon 
suspended  on  account  of  high  water  which  f»verflowed  the  banks,  in  the  latter  part  of 
May,  when  the  water  had  fallen  sufficiently,  the  survey  was  resumed  and  is  just  com- 
pleted. The  field  notes  have  not  yet  been  entirely  platted,  but  will  be  in  a  few  days 
when  detailed  report  will  be  submitted. 

GAUGES. 

The  following  Mississipi  River  Commission  gauges  in  the  district  have  been  in- 
spected and  corrected  during  the  latter  portion  of  the  period  covered  by  this  report. 
St.  Joseph,  Bayou  Sara,  Pla<xuemiue,  College  Point,  and  Fort  Jackson  on  the  Missis- 
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sippi  River;  Barbre  Landing  and  Sagar  House  Chute  (the  latter  recently  estab- 
lished) on  Old  Riyer,  and  Simmsport  and  West  Melville  on  the  Atchafalaya. 

The  general  condition  wu«  found  to  be  good,  and  although  in  many  instances  the 
permanent  or  regular  gauge  staifs  had  been  destroyed  hy  caving  banks  or  othei 
causes,  the  observers  had  replaced  so  closely  that  no  material  error  was  found. 

Some  improvements  in  the  line  of  permanency  can  be  made,  but  a  careful  instm- 
ment-al  inspection  made  twice  a  year,  say  just  before  extreme  low  water  and  before 
extreme  high  water,  will  render  the  service  accurate  and  effective  within  the  ordi- 
nary and  practicable  limits. 

Very  respectfully,  your  obedient  servant, 

H.  S.  Douglas, 
Aaaialani  Engineer. 
Lieut.  John  Milus, 

Corps  of  Engineers f  U.  8.  A, 

RBPORT  OF  MR.  W.   6.  PRICE,  ASSISTANT  ENGINEER. 

TuRNBULL  Island,  La.,  June  4, 1891» 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  work  of  improvement 
at  the  junction  of  Mississippi,  Red,  and  Atchafalaya  rivers,  covering  the  period  from 
June  1, 1890,  to  May  31,  1891. 

On  June  1,  1890,  the  condition  of  the  work  was  as  follows :  There  had  been  com- 
pleted dams  Nos.  1  and  3  in  the  Atchafalaya  and  the  sill  for  the  dam  to  deflect  the 
Ked  to  Upper  Old  River,  and  none  of  these  works  had  been  injured  during  the  pre- 
ceding hign  water.  The  ^ilant  was  laid  up  at  Simmsport  and  had  been  put  in  good 
condition,  except  that  the  repairs  to  the  tug  Cometock  wore  not  complete.  The  re- 
pairs to  the  Comstock  were  completed  June  28. 

LOWER  OLD   RIVER. 

The  dredge  Pah-Ule  was  towed  to  Lower  Old  River  August  4,  and  was  employed 
in  cutting  a  channel  through  the  hard  clay  ridges  and  deposited  the  material  (m  one 
side  of  the  cut.  The  dredge  was  kept  at  work  till  Septejnber  8,  when  the  channel 
had  been  cut  oat  so  navigation  was  good.  From  that  date  to  October  18  the  crew 
were  at  work  rebnilding  parts  of  the  dredge  and  luachiuery  so  as  to  increase  its  ca- 
pacity. On  October  18  it  began  cutting  through  a  ma^s  of  clay  in  the  channel  which 
had  slid  in  from  the  bank  near  Dead  Tree.  The  improvements  made  to  the  dredge 
increased  its  capacity  to  150  ctibic  yards  per  hour,  and  eliminated  most  of  the  causes 
of  breakdowns.  A  considerable  time  was  lost  in  moving  the  dredge  to  the  several 
clay  ridges,  and  from  August  28  to  September  1,  owing  to  the  swift  current,  the 
dredge  conld  not  be  held  m  position  for  work.  At  no  time  was  the  river  closed  to 
navigation,  although  from  the  8th  to  the  26th  of  August  8teamboat>s  ha<l  some  trouble 
in  getting  through,  and  for  a  day  or  two  there  was  only  2^  feet  of  water  over  the 
sand  bar  near  Dead  Tree,  but  this  bar  soon  cut  out  and  navigation  became  good. 
Six  steamboats  passed  through  during  the  lowest  stage,  and  they  wore  assisted  with 
United  States  barges,  which  were  used  as  lighters.  The  lowest  reading  on  the  Red 
River  Landing  gauge  was  8.8  feet  on  August  23,  1890,  and  the  lowest  on  Barbre's 
gauge  was  5^3  feet  on  August  25,  1890.   . 

The  average  depth  of  Lower  Old  River  has  increased  during  the  year,  and  the 
banks  on  the  bar  sides  have  become  higher  and  steeper,  so  the  water  has  been  better 
confined  to  produce  scour  in  the  channel. 

REPAIRS  TO  SILL  DAMS  NOS.   1  AND  3,   IN  THE  ATCHAFALAYA  RIVER. 

Since  the  last  high  water  the  shore  ends  above  low  water  of  sill  No.  3  were  injured 
by  the  earth  sliding  down  a  little  on  each  side  of  the  river  below  the  dam,  so  as  to 
tear  the  mat  apaix  and  leave  clicks  from  1  to  4  feet  wifle,  the  widest  part  of  tlie 
orack  or  gap  being  at  the  downstream  e<lge  of  the  mat.  There  wore  two  gaps  on  the 
right  bank  and  one  small  ono  on  the  loft  bank.  At  sill  No.  1  the  mat  above  low 
water,  on  the  left  bank,  being  partly  rotted,  had  been  broken  away  a  little  at  the 
Qpetream  edge  by  the  swift  current.  These  gaps  in  the  shore  mats  were  repaired  in 
October  and  January  by  covering  them  with  small  mats  well  ballautod  with  rock:. 

RED  RIVER  DAM. 

The  work  of  constmoting  crib  mats  for  the  dam  was  begun  October  25.  The  mats 
were  all  3^  feet  thick,  and  were  constructed  in  the  same  way  as  the  mats  had  been 
for  the  sill.    The  first  course  o^  mats  in  the  dair  was  148  feet  wide  and  410  feet  long. 
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The  Beoond  conrBe  was  132  feet  wide  and  702  feet  Ions.  The  third  course,  which 
reached  only  j»art  way  across  the  river,  was  104  feet  wide  and  204  feet  long.  Each 
coiirfW5  was  composed  of  mats  68  feet  wide,  wired  together,  and  was  suJi]i  across  the 
current  from  one  side  of  the  river  to  the  other.  Tlie  mats  were  hallast^ed  with  rock. 
Before  tlie  first  coui-se  was  sunk  the  sill  was  covered  with  a  layer  of  hard  blue  clay, 
2  feet  thick,  which  was  dredged  at  the  hea<l  of  Ui)per  Chute  and  trans]K)rted  in  dump 
scows.  When  the  work  of  sinking  mats  on  the  flam  wjis  finished  the  crest  was  nearly 
on  a  level  with  the  z<^ro  of  Barhre's  guage.  Since  then  the  dam  has  settled  so  the 
If»we^t  point  of  tht*  vroM  is  7|  foot  below  Barl>re*.s  zero,  niis  settling  is  probably 
due  to  the  com])rcs.sing  of  the  mats  and  clay  filling,  as  a  large  amount  of  rock  has 
been  used.  We  have  on  hand  54,000  square  feet  of  mattress,  which  was  constructed 
in  January  and  could  not  be  sunk,  owing  to  the  lack  of  rock  at  the  time  and  high 
water  siiu.'e.  This  will  be  sufficient  tocomplt^to  the  third  course  of  mats  in  thedam. 
Thei4e  mats  were  built  out  of  willows  which  were  cut  here  for  New  Orleans  Harbor, 
but  (hey  could  not  be  used  there  on  a«'count  of  the  rising  river.  They  have  been 
tied  Ui  the  bank  in  the  swiftcwt  part  of  the  current  near  the  dam,  and  have  not  sunk 
very  low  from  the  S4*diment  collected.  Only  one  mat  has  had  to  have  the  sediment 
washed  out  to  keep  it  afloat. 

OPKNING   UrrBR  OLD   KIVER. 

On  December  4  the  dredge  Pak-Ute  began  work  in  Upper  Old  River  at  the  end  of 
Sugar  House  Chute.  The  material  dredged  wjis  deposited  on  one  side  of  the  cut 
through  a  long  chute.  On  December  17  the  Pnh-Uie  was  moved  to  the  head  of  Turn- 
bull  Island,  and  the  crew  were  emidoyed  in  repairing  and  improving  the  dredge 
Menge,  which  had  arrivtMl  from  Vicksburg  on  December  11,  having  been  borrowed 
from  the  third  district. 

On  December  24  the  Pah-Ute  began  digging  through  a  shallow  place  in  Sugar 
House  Chute,  and  continued  at  work  till  January  12,  when  the  water  became  too 
deep  for  the  dredge  to  work.  The  improvements  on  the  Menge  being  nearly  com- 
pleted it  wa«  moved  to  Sugar  House  Chute  on  January  27,  and  excavatiMl  515  cubic 
yards  in  3  hours,  but  being  out  of  coul,  and  having  no  steamboat  to  move  dump 
scows,  the  crow  were  employed  in  making  further  improvements.  On  February  2, 
having  received  a  little  coal,  the  Mctxge  excavated  750  cubic  yanls,  which  was  cor- 
dcllod  away  in  a  dump  scow  by  hand,  and  dumped  by  the  crew  of  the  dredge,  so  the 
dredge  was  at  work  only  a  small  portion  of  the  day.  From  that  time  till  February 
20  the  crow  continued  working  on  improvements  to  dredge.  The  material  whidi 
was  excavated  by  the  Pah-Ute  and  dc^posited  on  one  side  of  the  cut  wivs  a  verj-  soft 
clay  mixed  with  very  fine  sand.  While  the  dredge  was  at  work  considerable  of  the 
niati^ricil  slid  back  into  the  cut,  and  it  has  since  nearly  iill  slid  back  so  the  channel 
is  very  little  deeper  than  before.  Wlien  we  began  dredging  in  this  river  this  year 
the  shoalest  place  was  at  the  eastern  end  of  Sugar  House  Chute  where  the  Pah-Vt^ 
hail  made  a  cut  through  they«'.ar  before,  and  part  of  the  matt^rial  ha<l  bwn  carried 
away  in  dump  scows.  When  the  chute  was  dry  la«t  siunmer  nearly  all  trac«»K  of  this 
cut  hswl  disappeared.  By  sounding  through  the  whole  length  of  Upp<^r  Old  River 
with  a  long  pole,  I  found  the  mat-erial  to  be  all  about  the  same  as  that  which  has  slid 
into  the  cut  made  by  the  dredge. 

CANAL  THROUGH  GARR  POINT. 

The  i>rojK)sed  rout^:  of  this  canal  starts  from  Upper  Old  River  at  a  point  2,000  feet 
from  the  foot  of  Turnbull  Island,  and  enters  the  Mississippi  at  a  point  6,000  i^et  from 
the  month  of  Old  River,  and  it  is  5,000  feet  long.  The  route  is  covered  with  willow 
trees  from  6  inches  to  18  inches  in  diameter.  No  attem]>t  has  been  nnulo  to  determine 
the  kind  of  material  to  be  excavated  except  at  the  Old  River  end,  where  the  Pah-Ute 
cut  in  about  200  foot  and  found  hard  clay  to  a  depth  of  10  feet  with  coarse  sand 
underneath.  The  route  of  the  canal  has  not  been  cleared  of  trees  except  at  the 
Old  River  end,  where  it  has  been  cleared  150  feet  wide  for  a  distance  of  500  feet. 
This  was  done  in  February  when  the  water  was-  so  high  part  of  the  trees  had  to  be 
cut  by  men  in  pirogues,  and  they  will  lie  where  they  fell,  and  no  stumps  have  been 
pulled  out.  On  January  20  the  Pah-Ute  l)egan  cutting  at  the  Old  River  end  of  the 
canal  to  show  what  she  could  do,  the  material  being  deiiositedon  one  side  of  the  cut. 
With  the  crane  down  10  feet  the  buckets  had  to  cut  oft"  the  big  stumi)8,  and  many  of 
the  buckets  were  broken  in  trying  to  do  so. .  Then  the  crane  was  lowered  to  16  feet, 
and  at  that  depth  the  buckets  could  cut  oflf  the  stumps  easily,  because  they  were 
much  smaller,  but  the  stump  after  being  cut  off  stood  up  in  the  bucket  and  punched 
the  bottom  out.  These  willow  trees  began  to  grow  when  the  land  was  some  20  feet 
lower  than  it  now  is,  and  the  part  buried  by  the  filling  of  the  ground  must  h«ive 
continued  to  grow,  as  they  arc  nearly  full  size  to  a  depth  of  14  feet.    The  Pah-Ute 
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worked  in  tliis  plfice  till  February  10,  a  lar^e  part  of  the  time  being  consumed  in  re- 
pairing broken  buckets.  On  February  20  tne  dredge  Menge  was  placed  in  the  cut  of 
the  canal  made  by  the  Pah-Ut€f  and  where  of  course  there  were  no  large  stumps. 
That  was  done  as  an  experiment  to  see  what  the  Menge  could  do,  and  she  excavated 
4,195  cubic  .yards  in  10  hours  and  50  minuter  and  deposited  it  on  one  side  of  the  cut. 
On  account  of  tlie  trees  and  stumps  it  was  impossible  for  the  dredges  to  work,  and 
on  February  27  they  were  towed  to  the  head  of  TurnbuU  Island  and  laid  up. 

HEPAIRS  TO  DREDGE  MRNGK. 

This  dredge  arrived  from  Vicksburg  December  11.  Before  it  could  be  used  many 
improvemeutH,  changes,  and  repairs  to  machinery  had  to  be  made.  As  originally 
ooustructed  the  dredge  could  not  do  good  work^  and  tlie  improvements  which  hail 
been  made,  although  necessary,  were  of  but  little  iKiuefit.  First  the  quarters  were 
reconstructed  and  enlarged  so  a  crew  could  be  comfortably  quartered  and  subsisted 
on  the  boat.  All  the  buckets  were  rebuilt,  the  shape  being  changed  and  the  cutters 
made  to  work  loose  on  a  hinge  between  stops.  The  roller  track  designed  by  Capt. 
Dan  C  Kingman  was  entirely  rebuilt  of  new  material,  the  old  coustruction  was  not 
in  accordance  with  Captain  Kingman's  design,  and  th«  workmanship  was  so  bad  it 
would  not  work.  All  the  idlers  htvd  to  bo  changed  and  two  additional  ones  put  in. 
Each  pair  of  idlers  work  on  one  shaft,  and  it  is  necessary  in  elevator  dredges  of 
this  kind  to  key  one  of  the  pair  to  the  shaft,  and  as  the  parts  of  the  chains  were  not 
quite  even  in  length,  there  wa«  constant  slipping  on  the  idlers,  and  the  strain  pulled 
out  sprocket- teeth  and  helped  to  stretch  the  chain  out  of  shape.  Then  both  idlers 
had  been  run  loose  on  the  shaft,  and  as  the  shaft  did  not  turn  the  sand  cut  the  idler 
hubs  and  shaft  badly.  New  chimneys  were  put  up,  as  the  old  ones  were  full  of  holes 
and  ready  to  fall.  I'he  bucket  chains  having  beim  badly  stretched,  were  adjusted 
as  far  as  possible,  but  can  never  be  made  perfect  again;  and  there  will  always  be 
trouble  from  them  till  they  are  worn  out  and  new  ones  substituted.  New  sprocket 
teeth  and  a  sj crocket- wheel  shaft  were  ])nt  in,  and  many  other  improvemcntnS  made. 
This  dredge  has  not  been-  used  much  since  it  was  remodeled,  but  when  tried  in  the. 
Carr  Point  Canal  it  excavated  about  4,000  cubic  yards  in  10  hours.  Allowing  for 
break-downs,  which  all  dredges  seem  to  be  subject  to,  with  a  crew  that  can  handle 
this  form  of  dredge,  I  think  it  can  average  2,000  or  more  cubic  yards  per  day  of  10 
hours. 

MISCKLLANKOUS. 

All  of  the  plant,  except  6  large  barges  and  5  smaller  ones,  is  in  first-class  condi- 
tion, a  good  deal  of  repair  work  having  lieen  done.  The  6  large  barges  will  be  re> 
paired  at  once,  and  the  5  smaller  ones,  which  are  8  years  old,  can  be  used  another 
year  for  light  work,  and  will  then  have  to  be  condemned. 

The  Red  River  dam  is  in  good  condition,  and  no  further  settlement  has  taken  place 
during  the  high  water.  No  examination  of  the  tlams  in  the  Atchafalayaunder  water 
has  been  made,  but  as  far  as  is  known  they  lire  in  good  condition. 

A  topographical  survey  of  Carr  Point,  extending  from  the  Mississippi  to  Upper 
Old  River  was  made  in  July  in  order  to  locate  the  route  of  the  proposed  canal. 

A  resurvey  of  the  Siuimsport  Reach  of  the  Atchafalaya  was  made  in  S«q)tember. 

Measurement  of  the  discharge  of  the  Atchafalaya  at  Simmsport  and  of  the  Missis- 
sippi at  Red  River  Landing  during  the  high  water  were  made  with  current  meter 
number  23,  using  the  launch  Alaska.  Slope  observations  were  also  very  act'urately 
taken,  using  instruments  of  my  d&sign,  which  enabled  the  party  to  read  the  eleva- 
tion of  the  water  suface  vt^ry  accurately,  but  no  levels  have  been  taken  between  the 
slope  gauges,  so  the  slope  is  not  known. 

Some  work  has  been  done  towjirds  constructing  a  telephone  line  from  Turnbull 
Island  to  Melville  on  the  Texas  Pacific  Railroad.  The  necessary  poles  have  been  cut 
and  part  of  them  delivered  at  Simmsport  and  much  other  material  purchased,  but 
there  being  no  steamboat  available  to  distribute  the  poles  no  work  on  the  line  has 
been  done.    The  work  of  constructing  the  line  will  begin  in  a  few  days. 

Statement  of  cost  of  the  different  woi-Jca. 

LOWER  OLD  RIVER. 

Dredge  Pah-Ute  excavated  23,492  cubic  yards,  at  13.7  cent,s $3,  223. 51 

Proportion  of  repairs  to  dredge  during  the  year 530. 27 

Services  of  steamer  Ruby  and  proportion  of  supervision,  care,  andre]>air 

of  plant 1,821.28 

Total  for  keeping  open  a  navigable  channel 5, 575. 06 
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RBD  RIVER  DAM. 

589.036  ouhic  feet  of  mattress  in  place,  at  2.99  cents $17, 655. 59 

1,830.7  tons  of  rock  placed  on  top  of  dam,  at  $2.04 3,732.64 

6,645  cubic  yards  of  clay  under  tirst  course,  at  15  cents 995. 10 

898,926  cubic  feet  of  material  in  place,  at  2.49  cent^* 22, 383. 33 

Proportion  of  supervision,  care,  and  repair  of  ]>Iunt 12, 650. 91 

Proportion  of  repairs  to  Pah-  Vie  while  dig^in^  clay 163. 60 

898,926  cubic  feet  in  place,  all  expenses  included,  at  3.9  cents 35, 197. 84 

Cost  of  spur  levee  on  left  bank 356. 32 

Cost  of  rock  stored 22,299.17 

Cost  of  mattress  on  band 5, 872. 73 

Total  cost  this  year,  includin;i;  material  on  band 63, 718. 06 

755,400  cubic  feet  of  mat  in  place  last  year,  at  2.5  eentj? 20,  122. 15 

407,720  square  feet  of  sbore  protection  last  year,  at  5.7  cents 23,  324. 12 

Total  cost  of  dam  to  May  31, 1891 107,164.33 

UPPER  OLD   KIVKR. 

Dredge  Pah-  Vie  excavated  31,717  cubic  yards,  at  3.2  cents 1, 027. 24 

Dredge  Menye  excavated  750  cubic  yards,  at  3.2  cents 23.93 

Proportiim  of  repairs  to  Pah-  Vie  during  the  year 172. 79 

Proportion  of  repairs  to  Menge  during  the  year 1, 669. 36 

Proportion  of  supervision,  care,  and  repair  of  plant 593. 91 

Total  expended  in  cleaning  out  channel 3, 487. 23 

CANAL  THROUGH  CARR   POINT. 

Dredge  Pah-  Ute  excavated  5,272  cubic  yards,  at  8.4  cents 440. 92 

Dredge  Menge  excavated  4,195  cubic  yards,  at  5.5  cent* 229. 76 

Cutting  out  lines  and  clearing  timber  from  route 238. 97 

Proportion  of  repairs  to  Pah-  Ute  during  the  year 147. 58 

Proportion  of  repairs  to  Menge  dnring  the  year 1, 443. 92 

Proportion  of  supervision,  care,  and  repair  of  plant 513. 95 

Total  expended  on  the  canal 3, 015. 10 

REPAIRS  TO   DAM   IN  THK   ATCHAFALAYA. 

Wages,  subsistence,  and  service  of  boats 216. 04 

46  cords  of  willows,  at  $1.637 75. 30 

690  feet  lumber,  at  $15  per  M 10. 35 

100  pounds  of  nails,  at  3  cents 3. 00 

92  tons  of  rock,  at  $2.50 230.00 

61  tons  of  rock,  at  $1.918 117.00 

Proportion  of  supervision^  care,  and  repair  of  jdant 566. 76 

Total  expended  in  repair  of  dams 1, 218. 45 

SURVEYS. 

Wages,  material,  subsistence,  and  services  of  boats 658. 27 

Proportion  of  supervision,  care  and  repair  of  plant 371. 92 

Total  expended  on  surveys 1, 030. 19 

TELEPHONE   LINE. 

Wages,  subsistence,  material,  and  services  of  boats 1, 169. 52 

Proportion  of  supervision,  care,  and  repair  of  plant 660. 78 

Total  expended  on  telephone  line 1, 830. 30 
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SURSISTKNCB. 

Ayerage  cost  of  a  raw  ration $0. 345 

Average  cost  of  a  ration  cooked  and  Herved  with  ic*^ 0. 515 

Coat  of  care  of  plant 11,694.33 

Cost  of  repairs  to  plant 19, 792. 71 

Total  expended  on  this  work  this  year 80, 406. 59 

Value  of  plant 96,425.23 

Value  of  expendable  material  oii  haud 49. 175. 33 

Discharge  ohservationa  in  the  MisHssippi  Kivcr  at  Natchez,  Mississipptf  March  £4  <# 

April  16,  IS91. 

[B.  J.  OUir«:ini,  ubnervur  from  Maroh  24  to  April  4;  U.  Ed.  Mott,  observer  from  April  4  to  April  18 

1891 ;  £.  C.  Harrifl,  recorder.    All  computations  by  6^.  E.  Mott.] 


Direction  and  force  of  wind. 


Calm 

Do 

Strong;  upHtreani 

Calm  ..!!.... *.'....... 

Do 

Li^ht ;  iipstn*4iui 

Bnak;  downatreaiii .. 
Strong;  upatreaiii  — 
Strong;  downstrt'ani 
Brisk;  upatream  — 

Culm 

Brisk ;  upstream  — 

Light;  upstream 

Brisk;  upstream 

Strong;  upstream  — 

Calm 

Light;  upstream  — 
Strong;  upstream  ... 

Cahn 

Light;  upstream 


Date  of 
observa- 
tion. 


Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


24 

25 

26 

27 

28 

29 

30 

31 

1 

2 

3 

4 

6 

7 

8 

9 

11 

13 

14 

15 

16 


Total  area. 


8qua 
156, 
155, 
155, 
156, 
157, 
155, 
156, 
158, 
154. 
151. 
148, 
151. 
152, 
152, 
156, 
148, 
151, 
145, 
146. 
143, 
143, 


re/eU. 
111.18 
819.34 
435. 07 
407.92 
719.  16 
879.31 
614.23 
434.97 
682.51 
46.'^.  :i3 
178. 93 
082.20 
930.90 
581.67 
6r{4. 19 
771.88 
145.14 
624.  .V2 
992. 28 
392.  85 
446.83 


Mean 

velocity. 


Feet. 
9.199 
9.680 
8.859 
8.962 
9.187 
8.787 
9.762 
9.474 
8. 953 
9.646 
9.154 
9.183 
8.922 
9.004 
9.039 
9.356 
8.963 
9.  l.')2 
8.983 
9.  230 
8.457 


Discharge  per 
second. 


Chtbie  feet. 
1, 436, 095. 779 
1, 508, 425. 248 
1, 377, 029. 486 
1,401,734.867 
1,449,040.903 
1,369,759.453 
1, 528, 869. 825 
1,501,073.118 
1, 384, 982. 380 
1,461,096.365 
1, 356.  &49. 870 
1,387.472.071 
1, 365, 455. 050 
1,387.580.671 
1,415,875.764 
1,391.^3.205 
1,354,772.461 
1, 3:^2, 8aJ.  933 
1, 320,  537. 708 
1, 323, 600.  817 
1,213,2,52.174 


Natchez 
gauge. 


46.10 
46.10 
46. 20 
46.15 
46. 15 
46.18 
46.15 
46.30 
46.35 
46.38 
46.38 
46.40 
46  40 
46.:i5 
46.35 
46.38 
46.50 
46.45 
46.  .38 
46.35 
46.30 


Area  below 

zero  of 

Katches 

gauge. 


69, 101. 38 

68,  578. 64 

67. 928. 77 

09,206.43 

70.344.41 

67,934.42 

67.702.70- 

69,213.93 

66,514.63 

62,  .360. 24 

61, 536. 46 

62.422.93 

64, 100. 57 

65, 530. 88 

68, 224. 81 

61,728.89 

63, 986. 95 

58,947.64 

60.944.11 

58,422.31 

56,960.31 


Discharge  observations  in  ih^  Mississippi  River  at  Red  River  Lauding^  Louisiana^  March 

10  to  April  20,  1891, 

\Q.  Ed.  Mott,  observer  from  March  10  to  April  2,  and  on  April  20 ;  W.  G.  Price,  observer  from  April  7  to 
April  10, 1891 ;  R.  T.  Briggs,  recorder;  computations  by  G.  Ed.  Mott  and  R.  Y.  Briggs.] 


Direction  and  forc>eof  wind. 


Calm Mar.  10 

Do Mar,  16 

Do Mar.  18 

Do i  Mar.  20 

Brisk;  upstream i  Mar.  24 


Strong;  downstr«*ani 

Do 

Light;  upstream 

Calm 

Do 

Light;  Upstream 
Biisk;  apstream. 


Date  of 
observa- 
tion. 


Mar.  27 

Apr.    2 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 


I 
10 
13 
16 
20 


Tot-al  area. 


Squarf  fe^t. 
211,351.80 
211,082.17 
211,W5.72 
213, 570.  40 
21.5,  487.  :]6 
212,  IWU.  82 
215.4CC.  21 
213, 2S  1. 49 
J19.  U7H.  19 
221,480.14 
220.  396.  74 
224,711.42 


Mean 
velocity 

per 
8e<M>nd. 


5. 
5. 


Feet. 
5.232 
5.333 
5.335 
323 
393 
5.452 
5.424 
5.449 
5.248 
5  214 
5.178 
5.022 


Discharge  per 
second. 


Chibie/eet. 
1,104, 00ft.  553 
1,121,616.571 
1, 122, 656,  247 
1,128,482.979 
1,153.858.085 
1, 152, 666. 526 
1,159,852.177 
1,  l.'>3,  ,300.  857 
1,140,914.812 
1, 145, 740.  696 
1, 132, 261.  215 
1, 120, 078.  854 


Ked 

Kiver 

Landing 

gauge. 


43. 15 
44.  5:{ 

44.  82 

44.98 
45. 03 
45. 03 
45. 17 

45.  21 
45.  37 
45.47 
45.44 
45.40 


Area  below 
zero.  Reel 
Kiver  Land- 
ing gauge. 


50. 320. 27 
44.  'M3. 35 

43,  147. 32 
44. 7l2. 08 
45. 969.  71 
44,668.25 
46,  311.  82 

44.  526. 31 
49,  679.  52 
51,  050. 59 
49, 653. 81 
51, 937.  25 
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IH»eharge  observations  in  the  Atchafalaya  JUver  ai  Simmsport,  Lotiisiana,  March  9  to 

April  f7,  1891. 

[6.  Bd.  Mottf  observer  Arom  March  9  t4)  March  30,  and  April  17  j  W.  G.  Price,  obaerrer  April  I  to 
April  16;  R.  Y.  Briggs,  observer  April  27,  1891.  Computations  by  G.  Ed.  Mott  and  K.  O.  Harris, 
and  C.  A.  Venus.] 


Direction  and  force  of  wind. 


Calm 

Do. 

Do. 

Do. 

Do. 
Light;  downstream 
Light;  upstream  .. 
Strong;  upstreani  . 

Calm 

Strong;  upstream  . 

Do. 

Calm 

Light;  upstream  .. 

Do. 
Light;  downstream 


Date  of 
observa- 
tion. 

Total  area. 

Mean 
velocity 

per 
second. 

Discharge  per 
second. 

Slmms- 

IK>rt 
gftuge. 

Feti, 

OiiMc/Mt. 

Mar.    9 

50,906.60 

4.001 

239,092.883 

40.52 

Mar.  13 

59,026.20 

4.609 

266, 155.  662 

41.60 

Mar.  17 

60,448.90 

4.587 

277, 303. 348 

42.40 

Mnr.  19 

60,066.70 

4.776 

286, 919. 367 

42.63 

Mar.  23 

63,095.62 

4.766 

300,756.060 

42.81 

Mar.  25 

64, 328. 75 

4.761 

306,269.243 

42.86 

Mar.  28 

63, 588. 07 

4.691 

298,324.261 

42.84 

Mar.  30 

63, 217. 80 

4.783 

302, 382. 327 

42.87 

Apr.    4 

64,072.82 

4.781 

906,371.529 

43.00 

Apr.    6 

04, 114. 86 

4.796 

807,531.740 

43.03 

Apr.    9 

64,476.60 

i.777 

308,011.673 

43.08 

Apr.  11 

63, 617. 60 

6.038 

320, 545. 702 

43.20 

Apr.  15 

64, 303. 05 

4.843 

311,443.216 

43.28 

Apr.  17 

63,612.02 

4.790 

306,281.846 

43.29 

Apr.  27 

63, 922. 15 

4.877 

811,79L003 

43.31 

Area  below 
aero  of 
Simnis- 

pcn^  gauge. 


26.818.62 
25.114.90 
25,585.90 
25,281.42 
27,577.19 
28,808.42 
28,152.68 
27, 777. 70 
28,474.40 
28,386.25 
28,657.81 
27,809.00 
28,437.96 
27, 713. 83 
28,238.33 


Very  respectfully, 


Lieut.  John  Millis, 

Corps  of  Engineers,  U.  S.  A. 


W.  G.  Price, 
U,  S,  Assistant  Engineer, 


REPORT  OF  MR.   W.   J.   HARDEE,  ASSISTANT  ENGINEER. 

New  Orleans,  La.,  June  12, 1891. 

Sir  :  I  have  the  honor  to  submit  the  following  report  upon  the  work  of  which  I  have 
had  immediate  charge  during  the  year  ending  May  31,  1890: 

LEVEES. 


right  bank  below  red  river — construction. 

On  June  1,  1890,  there  were  no  funds  for,  or  property  belonging  to,  levee  work  in 
this  district.  During  the  month  of  October,  1890,  the  Mississippi  River  Commission 
allotted  $112,500  for  levee  purposes.  During  the  early  part  of  December  the  same 
year  that  amount  was  increased  to  $130,500,  of  which  5  per  cent,  was  reserved  for 
protection  work  and  10  per  cent,  of  the  balance  for  contingencies. 

New  lines  of  levee  at  Nina,  Highland,  Barroza,  and  Evergreen  were  recommended 
for  construction  to  provide  for  breaches  threatened  in  the  existing  lines  by  caving 
banks.  The  Louisiana  State  Hoard  of  Engineers  had  made  preliminary  surveys  and 
approximate  estimates  for  new  levees  at  each  of  the  named  places.  It  was  deemed 
aavisable  to  revise  these  locations^  which  was  done  between  December  8  and  10, 1890, 
by  the  United  States  ^fter  it  had  assumed  charge. 

Nina  Levee. — ^I'his  levee  by  the  line  of  December  8,  1890,  was  6,115  feet  long  and 
required  76,500  cubic  yards  for  its  construction,  llie  contract  was  let  to  S.  L. 
James,  jr. 

On  November  20,  1890,  the  contractor  promptly  moved  a  force  to  the  levee.  The 
owners  of  the  Nina  plantation  and  the  residents  of  the  village  at  Cook  Landing, 
through  which  the  line  was  located,  opposed  the  construction  of  the  levee  on  the 
line  selected.  Pending  an  investigation  of  the  opposition  the  contractor  was  fur- 
nished construction  notes  from  station  40  to  station  62  plus  15,  a  distance  of  2,215 
feet. 

On  January  28,  1891,  you  visited  the  locality  and  selected  a  location  which  put  all 
of  Cook  Landing  village  and  the  Nina  plantation  sugar  mill  and  annexes  on  the  river 
side  of  the  line.  This  new  section  of  the  line  was  44  feet  longer  than  the  original 
one,  and  required  18,826  cubic  yards  more  for  its  construction.  The  new  location 
was  even  more  objectionable  to  the  owners  of  the  Nina  plantation  than  the  original 
line.     They  endeavored  to  secure  an  injunction  to  restrain  the  construction  of  that 
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part  of  the  leyee,  but  oMriue'  to  tlieir  insolvent  condition  their  efforts  were  unsuc- 
ceBsfnl.  The  people  of  Cook  Landing  village  interposed  no  objection  to  the  new 
line. 

The  contractor  was  furnished  with  only  3,844  feet  of  construction  notes  on  the 
new  line,  as  it  was  decided  to  allow  a  space  of  600  feet  to  remain  open  to  afford  easy 
means  for  the  removal  of  the  Nina  plantation  buildings  from  the  present  position  to 
a  point  in  the  rear  of  the  levee.  A  supplemental  contract  was  made  with  the  cou- 
tractor,  S.  L.  James,  jr.,  for  the  construction  of  the  600  feet  left  open,  at  a  date  not 
lat«r  than  February  1,  1892. 

Owing  to  the  late  date  at  which  notes  for  the  revised  location  were  fiu'nished  the 
contractor  was  unable  to  complete  his  contract  within  the  stipulated  time,  and  an 
extension  of  180  days  was  given  him  in  which  to  finish  the  levee. 

On  May  31,  1891,  there  were  5,359  feet  of  levee  completed  and  accei>ted,  embracing 
72,443  cubic  yards,  which  was  all  the  levee  for  whit^h  notes  had  been  furnished,  with 
the  exception  of  200  feet.  That  200  feet  is  a  dike  across  a  dee])  bayou.  On  May  3, 
1891,  work  was  well  advanced  on  the  dike,  and  there  remained  the  handling  of 
about  5,000  cubic  yards  to  complete  it. 

The  average  height  of  Nina  Levee  is  9  feet.  It  is  built  with  a  6- foot  crown  and 
Bide  slopes  of  3  to  1. 

The  largest  force  employed  on  1  day  on  this  levee  was  139  men,  46  mules,  100 
wheelbarrows,  and  21  scrapers. 

Highland  Levee, — This  line,  as  projected  by  the  Louisiana  State  board  of  engineers, 
was  10,900  feet  long  and  estimated  to  contain  330,000  cul*i<-  yards.  The  revised  h>ca- 
tion  made  the  levee  10,121  feet  long  and  required  243,000  <'.ubic  yards  for  its  construc- 
tion. 

Messrs.  Andrews  &  Ogden  were  awarded  the  contract  for  this  work  on  Novemlwr 
20,  1890,  and  immediately  moved  a  small  force  to  the  locality.  The  line  was  re-run 
subsequent  1o  the  award  of  the  contract. 

The  allotment  of  $130,500  was  found  to  be  about  $28,000  short  of  what  was  necessary 
to  build  the  four  levees  recommended.  The  shortage  was  applied  to  this  levee.  The 
available  money  allowed  the  con8tructi<m  of  5,570  feet  of  levee,  for  whicli  length  of 
line  construction  notes  were  issued. 

Owing  to  the  late  date  at  which  the  work  was  <'ontra<*ted  for  and  the  bad  weather 
experienced,  added  to  other  unfavorable  local  conditions,  the  contractors  were  uua)>le 
to  complete  the  work  within  the  stipulat^'d  time.  In  consideration  of  these  facts 
an  extension  of  90  days,  or  until  June  1,  was  granted  them  in  which  to  do  the  remain- 
ing work.  Daring  the  months  of  March,  April,  and  May  the  ri  ver  was  at  such  an  eleva- 
tion as  to  create  a  very  free  transpiration  of  water  through  and  under  the  existing 
levee.  This  saturated  the  ground  and  rendered  progress  very  slow.  By  June  1, 1891 , 
the  contractors  had  constructed  5,170  feet  of  levee,  containing  126,956  cubic  yards. 
This  work  was  measured  and  inspected.  It  was  found  satisfactory,  and  accepted. 
It  was  paid  for  in  the  form  of  a  final  estimate,  and  the  contract  declared  terminatetl. 

The  average  height  of  Highland  Levee  is  14  feet.  It  is  built  with  an  8-foot  crown 
and  side  slopes  of  3  to  1. 

The  largest  force  employed  on  1  day  was  100  men,  LSO  mules,  29  wheelbarrows,  and 
47  scrapers. 

Barroza  Levee. — As  originally  staked  this  levee  was  4,105  feet  long  and  estiuiated 
to  require  200,000  cubic  yards  for  its  construction.  The  alignment  was  chauji^ed  to 
4,145  feet  and  the  yardage  to  164,861.  The  contract  was  let  to  Andrews  &,  Ogden 
on  November  20,  1890.  The  contractors  promptly  moved  a  large  force  to  the  locality. 
The  force  was  present  and  awaiting  the  revision  of  the  line,  that  it  could  st'cure 
construction  notes  and  start  to  work.  The  force  was  almost  daily  incrca.s<»d  until  it 
reached  the  proportions  of  210  men,  19-i  mules,  74  wheelbarrows,  and  77  scrapers, 
which  was  the  largest  number  employed  on  one  day. 

The  levee  averages  17^^  feet  high.  It  is  built  with  an  8- foot  crown,  a  river-side 
slope  of  3  to  1  and  a  land-side  slope  of  4  to  1. 

The  ground  on  which  the  base  of  the  levee  is  situated  is  low.  To  provide  against 
the  accumulation  of  rain  and  seep  water  the  contractors  erected  a  drainage  pump 
and  spent  a  large  amount  of  money  in  canal  ditching.  The  ])ump  and  ditches  ren- 
dered valuable  service,  but  in  spite  of  the  large  force  employed  and  the  increasing 
efforts  of  the  contractors  it  was  impracticable  to  complete  the  levee  within  tlm  re- 
quired time^  owing  principally  to  the  loss  of  time  occasioned  by  bad  weather  expe- 
rienced dunng  November,  December,  and  January.  The  time  for  completion  was 
therefore  extended  to  June  1,  1891. 

On  May  30,  1891,  the  levee  was  reported  completed.  It  was  inspected  and  meas- 
tred,  and  being  found  satisfactory,  was  received  from  the  contractors  and  paid  for. 

Evergreen  Levee. — ^I'his  line  as  originally  staked  was  3,380  feet  long  and  estimated  to 
ontain  70,000  cubic  yards.  The  iuie  was  changed  and  made  3,400  feet  long.  It  was 
lund  that  the  estimate  of  70,000  cubic  yards  was  based  on  a  grade  3  feet  lower  than 
lat  recently  adopted  throughout  the  district.    The  grade  wss  raised  3  feet  to  cor- 
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respond  to  the  new  grade^  and  thereby  increased  the  contents  to  93,655  cubic  yards. 
The  average  height  of  this  levee  is  now  14i  feet.  The  crown  is  8  feet  wide  and  the 
side  slopes  3  to  1. 

The  contract  was  awarded  to  Flynn  &  De  Garis  on  November  20, 1890.  Shortly 
after  they  moved  a  fair-sized  force  to  the  work,  which  amounted  when  largest  to  44 
men,  56  mules,  11  wheelbarrows^  auTl  26  scraptfrs. 

Owing  to  lack  of  natural  draliia<;e.  the  rains  that  fell  in  November,  December, 
and  January,  and  the  great  amount  ot  seep  water  eueount^^red  during  the  sucoeediug 
months,  accumulated  on  or  about  the  spat^e  from  which  earth  had  to  be  obtained, 
and  proved  an  obstacle  to  the  ])rogre8S  of  the  work.  The  iucreaRed  gi'side  further 
limited  the  space  between  the  old  and  new  levees,  already  narrow  to  furnish  so 
large  an  amount  of  construction  material.  These  several  conditions  prevented  the 
completion  of  the  contract  by  tlie  stipulated  time  for  completion,  and  the  date  was 
extended  to  July  31,  1891. 

On  May  31,  1^1,  the  work  was  in  the  following  condition : 

Commenced feet. . .     3, 400 

Completed  aud  accepted do...     1,100 

To  complete do...     2,300 

In  place cubic  yards.  60, 384 

Yet  to  be  handled do...  33,271 

One  assistant  en/^ineer  in  general  charge,  one  traveling  inspector,  aud  oue  local 
inspector  stationed  at  each  levee  was  the  force  employed  directly  by  the  United 
States  for  the  necessary  care  aad  inspection  of  the  levees  while  building. 

RKPAIRS. 

During  the  month  of  February,  1891,  an  iuspcction  was  made  of  the  levees  built  by 
the  United  Stattw  subsequent  to  the  year  1881  between  Barbre,  Louisiana,  aud  Point 
(.'oupee  Crevasse,  Louisiana,  a  distance  of  about  60  miles.  Some  i»f  these  levees  were 
found  in  bad  condition  and  requiring  repairs  to  reestablish  the  crown  and  slopes, 
which  had  become  partially  destroyed  by  rain  and  wave  washing. 

The  levees  requiring  the  most  immediate  work  were  in  the  vicinity  of  Red  River 
Landing,  Louisiana.  A  master  laborer  was  sent  to  the  locality,  aud  executed  the 
following  work: 

Levee  repaired linear  feet . .  5, 4^ 

Ditch  cut  to  destroy  crayfish  holes ,..  .do. ..      815 

Stumps  removed  from  the  base  of  the  levee 29 

For  that  service  all  working  outfit  was  borrowed  from  the  Red  and  Atchaf&laya 
Eiver  plant,  and  returned  to  that  work  when  operations  were  concluded. 

PROTECTION  WORK. 

In  the  immediate  vicinity  of  Red  River  Landing,  Louisiana,  the  river  never 
reached  a  dangerous  elevation,  and  scarcely  any  protection  work  was  necessary. 

From  a  point  about  opposite  Baton  Rouge,  La.,  to  the  lower  limit  of  the  levee, 
the  river  reached  a  dangerous  sta^e  about  March  1,  1891. 

The  same  barge  outfit  with  which  operations  were  carried  on  for  protection  work 
on  "  Levees  Left  Bank"  rendered  service  at  Everffreen  Levee,  where  2,010  feet  of  re- 
vetment was  constructed  to  correct  wave  washing  of  the  front  slope  of  the  old  or 
front  levee  at  that  place. 

This  work  expended  12,300  feet  B.  M.of  lumber,  110  pounds  of  nails,  aud  25  sacks. 

When  Baton  Kouge  was  reached  the  barge  was  moored  there,  and  a  trip  was  made 
on  the  (J.  8.  steamer  Florence  as  far  as  Barbres,  Louisiana.  In  that  distance  the  line  of 
levees  was  generally  inspected,  but  particularly  those  built  by  the  United  States. 
They  were  all  found  in  fair  condition  and  requiring  no  work. 

At  Nina  plantation,  where  the  United  8tates  was  constructing  a  new  line,  the  front 
slope  of  the  old  levee  began  washing  badly,  and  625  sacks  were  expended  to  prevent 
further  loss  of  levee. 

At  Highland,  La.,  where  the  United  States  was  constructing  a  new  line,  there 
were  two  roadways  which  had  been  worn  in  the  old  levee.  Both  were  filled  at  a 
small  cost. 

On  April  2,  1891  the  barge  and  party  left  Baton  Rouge  to  return  to  New  Orleans. 
On  the  way  down  the  line  of  general  levees  was  inspected  and  found  in  good  condi- 
tion. During  the  latter  part  of  February  and  early  part  of  March  the  local  authori- 
ties did  a  large  amount  of  repair  work  to  strengthen  probable  weak  places. 

Durinff  March,  1891,  the  Mississippi  River  Commission  allotted  $43,750  for  protec- 
tion work  in  this  district.  At  the  time  the  money  became  available  the  levees  were 
in  good  condition  and  required  but  little  work. 
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During  the  flood  period  a  droaglit  prevailed,  ^hich  was  of  material  benefit  to  the 
levees.  Had  there  prevailed  the  rains  usually  experfenced  at  that  time  of  the  year, 
it  is  safe  to  assume  that  a  very  greatly  increased  anion nt  of  work  would  have  been 
necessary  to  properly  secure  the  levees.  As  it  was,  so  little  work  was  necessary  that 
only  a  small  percentage  of  the  funds  allotted  for  protection  work  was  expended. 

On  April  8,  9,  and  10  an  inspection  was  made  ot  the  general  line  of  levees  between 
Kew  Orleans,  I^a.,  and  Fort  Jackson,  La.  The  wat<»r  was  found  t«)  be  several  feet 
below  the  tops  of  the  levees.  They  were  all  in  good  condition  and  reciuired  no  work, 
BH  they  were  all  secure  against  the  existing  height  of  water. 

LKFT  BANK   BRLOW   RKD    KIVKK.— CONSTRUCTION. 

On  June  1,  1890,  there  were  no  funds  for,  or  ])roporty  belonging  to,  levee  work  in 
this  district.  During  the  mouth  of  October,  1890,  the  MissiRsippi  Kiver  Commission 
allotted  $67,500  for  levee  purposes.  It  was  contemplated  that  the  United  States 
would  survey  and  contract  for  work  to  the  extent  of  that  allotment. 

The  Pontchartrain  l^vee  board,  a  local  organization  created  by  the  Louisiana 
State  legislature,  had  contracted  for  and  was  constructing  eighteen  levees  between 
New  Orleans  and  Baton  Kouge.  That  board  became  involved  in  liti^^ation  over  the 
collection  of  a  produce  tsAc  it  had  levied.  Findiujjr  itself  deprived  of  its  revenue  and 
unable  to  successfully  complete  its  contracts  for  levees  then  building,  it  applied  to 
the  honorable  Secretary  of  War  for  relief,  resulting  in  a  reconvention  of  the  fioard 
of  United  States  District  Officers  and  the  ap])lication  of  the  allotted  funds  to  the 
completion  of  the  existing  contracts,  the  United  States  to  pay  for  work  done  on 
those  contracts  subsequent  to  November  20,  1890,  only. 

The  work  covered  by  the  contracts  in  question  wa8  of  the  most  important  as  well 
ae  of  the  most  immediately  necessary  in  the  district. 

During  the  early  part  of  December,  1890,  the  allotment  of  $67,500  was  increased 
to  $94,500,  of  which  5  per  cent,  was  reserved  for  i>rotection  work  and  10  per  cent,  of 
the  balance  for  contingencies.  It  was  found  that  the  amount  available  for  actual 
construction  expenditure  lacked  about  $5,000  of  being  sufficient  to  cover  all  the  work 
to  be  done  on  the  Pontchartrain  levee  boar<l  contracts.  The  balance  of  work  on 
the  south  port  to  Camp  Parapet  Levee,  Jefierson  Parish,  La.,  amounted  to  abont 
that  figure.  The  United  States  notified  the  Pontchartrain  levee  board  of  its  ina- 
bility to  proceed  with  that  levee,  but  assumed  direction  of  the  other  seventeen  works, 
all  of  which  were  carried  to  a  successful  completion  without  incident  worthy  of  spe- 
cial mention. 

Copies  of  prescribed  measurements  for  construction  of  respective  levees  were 
secured  at  the  office  of  the  Louisiana  State  Board  of  Engineers. 

All  work  done  prior  to  November  20,  1890,  the  date  at  which  the  United  States 
aasumed  charge  of  the  levees,  was  carefully  inspected  and  measured  and  found  to 
have  been  executed  in  a  satisfactory  manner  and  in  strict  compliance  with  the  con- 
tract in  each  case. 

During  the  period  of  construction  the  largest  aggregate  force  employed  on  one  day 
Yias  647  men,  510  mules,  197  scrapers,  and  304  w^heelbarTows. 

-  The  following  subordinate  force  was  employed  directly  by  the  United  States  for  the 
necessary  inspection  and  care  of  the  several  levees :  One  inspector,  3^^  months,  at  $90 
per  month;  one  rodman,  IfjIJ  months,  at$50  per  month ;  one  rodman,  23^  mouths,  at$60 
per  month;  one  watchman,  1^  months,  at  $75  per  month;  one  watchman  ^^ months, 
at  $50  per  month. 

PROTECTION. 

During  the  mouth  of  February,  1891,  the  river  rose  steadily,  and  on  March  1  its 
elevation  was  several  feet  above  the  danger  line  throughout  the  district. 

The  strain  put  upon  the  line  of  embankment  by  the  high  stage  of  the  river  devel- 
oped many  weak  places.  The  greatest  trouble  experienced  and  requiring  most  work 
for  correction  was  the  wave- washing  of  the  front  slope  of  the  levees.  The  action  of 
the  water  on  the  front  slope  created  an  erosion  which,  unless  stiOpi)ed,  would  event- 
ually broach  the  embankment. 

On  March  10, 1891,  a  barge  fitted  with  sleeping  and  eating  apartments  and  having 
on  board  15  laborers  and  1  cook,  together  with  lumljer,  sacks,  and  working  tools, 
left  New  Orleans,  towed  by  the  United  States  tug  Parker,  for  protection  service  north 
of  New  Orleans.  The  barge  amd  the  major  part,  of  the  outfit  used  on  it  was  borrowed 
from  the  New  Orleans  Hart)or  work  and  retnnied  to  that  work  when  the  expedition 
was  disbanded.  Some  few  tools  were  purchased  for  this  special  service.  A  small 
amount  of  the  lumber  used  was  purchased  at  New  Orleans  and  Plaquemine,  La.  The 
greater  portion  was  taken  from  an  amount  purchased  by  Capt.  Dan.  0.  Kingman 
during  the  flood  of  1890,  and  stored  by  him  at  Plaquemine,  La.,  at  which  place  it 
was  transferred  to  the  barge. 
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The  barge  and  party  went  as  high  as  Baton  Rouge,  La. ;  returning,  arrived  at 
New  Orleans  on  April  6, 1891.  'Daring  that  time  the  general  line  of  embankment  waa 
inHpected,  particularly  the  levees  juftt  completed  by  the  United  States. 

l*rom  commencement  to  date  of  discharge  the  following  boats  rendered  service  as 
stated  in  connection  with  protection  work: 

United  States  tug  Parker 4 

United  States  steiimer  Florence 5 

United  States  tug  TiUia 8 

Tug  Wm.  Williamti \ 

The  following  stateinuiit  hIiowh  when*  servires  were  reudtTed  uiid  the  amount  of 
work  done,  together  with  niHtt'iial  cxpi'iitUMl  ni  each  ]dave: 


Ia»\  ce. 


St.  Clabriel . 

SuutllWIMMl* 

AHhlami*  . . . 
Uifharry*  .. 


TuUI 


(^airo. 


Miles. 
8H2.  0 

Hi:,.  5 

K7H.  0 
tW2.0 


L«-n;:lh 
of  h*N  r«'»* 

on. 

45 

2,200 

800 

3, 105 


LiiiuIht 
ex|H-iiil- 

• 

SjwkHox- 

NaiUex- 

|MMl(tHl. 

}N*U4ltHl. 

IWt. 

Xutnber. 

Pounda. 

700 

240 

18 

2,400 

3:iO 

20 

Ti,  400 

100 

60 

2.800 
11,300 

150 

32 

820 

130 

*  l)t*wolf«  ITuitcd  St«trM  h*vtHi4. 

lu  addition  to  tlie  work  embraced  in  the  foregoing  taVde,  the  old  or  front  levees  were 
cut  at  Sonthwood  («75.r)L),  lliiiou  (893.5  L),  and Terre Haute  to  Hope  (919.5 L)  United 
StatcH  levees,  to  put  the  river  water  against  the  new  levee  at  each  place. 

iJiiring  the  month  of  March,  1891,  the  Mississippi  River  Commission  allotted 
$28,(>88  for  i»rotection  of  hnees  in  this  district. 

To  fully  securt*  th«  leveos  immediate  work  was  required  at  numerous  pla<*eH  at  the 
same  time.  As  the  working  ca)>a(!ity  of  the  barge  party  was  limited,  you  maile  an 
arrangement  with  Mr.  A.  M.  Cooke,  assistant  general  manager  of  the  Louisville, 
New  Orleans  and  Texas  Railroad,  by  virtue  of  which  the  following  work  was  done: 

Longwood  Levee  (847.5  L),  662  linear  feet  of  revetment  wsis  erected,  at  a 

cost  of $99.40 

Davenport  Levee   {H'JS  L),  2()0  linear  feet  of  revetment  was  erected,  at  a 

cost  of 158.40 

Melancon  Levee  (888  L),  TOO  linear  feet  of  revetment  wiw  er«M'ted,  at  a  cost  of    136. 00 

On  April  9,  10,  and  11  iuHpection  was  made  of  the  levws  below  New  Orleans, 
on  the  left  bank,  as  far  as  Fort  8t.  Philip.     They  were  found  to  lie  generally  in  good 
condition,  the  tlooil  elevation  several  feet  below  their  grades,  and  no  work  necessary, 
as  all  was  perfeetly  secure. 
Respect  fill  ly  submitt-«Hl. 

W.  J.  Hardee, 
jHttiHtani  Engineer, 
Lieut.  JuHN  MiLLis, 

Corps  of  Engineers y  V.  S.  A. 

REPORT  OF   MH.    WILLIAM   GARVIN,    ASSISTANT  KNOINKER. 


Nkw  Orleans,  La.,  June  1,  1S9L 

Sir:  T  have  the  honor  to  Hubmit  the  tbllowing  report  upon  the  work  of  which  I 
have  had  immediate  eharge  during  the  year  ending  May  31,  1891 : 

WORKS  OF  IMPROVEMENT  IN   NEW   ORLEANS   HARBOR,    LOIUSIANA. 

At  date  of  last  report,  May  31,  1890,  the  condition  of  the  work  was  as  follows: 
The  plant  was  in  laying-up  quarters  at  Exposition  Wharf  and  repair  work  was 
being  done  on  tug  TiUla^  which  had  been  partially  destroyed  by  fire  on  the  night  o: 
May  8,  the  house,  deck,  top  timbers,  furniture,  and  tools  being  entirely  destroyed 
The  repairs  were  eomi>leted  and  the  tug  ready  for  duty  July  23. 

On  August  2  the  Tilda,  in  compaiiy  with  the  steamer  General  .Vcir/ow,  left  laying  ui 
quarters  with  a  tow  of  nine  hargi-s  aiid  quarter  boat  to  cut  willow  brush  for  work 
lu  Carrollton  Bend.  They  returned  September  19  with  eight  loaded  barges,  with 
3,396.8  cords  brush  and  174.30  cords  poles,  at  a  total  cost  of  $7,400.62  or  12.072  pr 
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cord.    The  length  of  time  occupied  in  cutting  willows  in  due  to  a  scarcity  of  labor, 
the  work  being  dependent  to  a  great  extent  on  local  and  <'olored  labor. 

During  the  absence  of  plant  cuttin}]j  willows,  barge  No.  3  was  repaired  at  Exposi- 
ti<m  Wharf,  and  now  crib  and  mattrcKs  ways  built.  It  being  decided  that  a  mattress 
built  in  sections  would  be  more  convenient  t^»  handle  and  place  in  position  between 
barges,  the  wftys  were  constructed  Tni  »n  old  coal  barge;  they  are  suitable  for  build- 
ing a  mattress  100  feet  in  length  by  any  re*iuired  width. 

Construction  of  mattress  for  Spur  No.  4  was  commenced  September  24  and  com- 
pleted October  6.  It  was  not  sunk  until  Niivembor  7;  this  was  owing  to  the  barges 
used  for  sinking  being  loaded  with  willow  brush.  The  frames  of  this  mattress  were 
of  the  same  build  and  niat<*rial  as  those  used  in  the  mattress  in  the  third  district 
front.  The  manner  of  placing  the  willows  was  somewhat  different,  they  all  being 
placed  parallel  to  each  other  at  right  angles  to  frames.  The  bottom  layer  of  willows 
were  all  securely  nailed  to  frames.  This  mattress  was  built  in  four  sections,  three 
100  by  130  feet  and  one  55  by  130  feet.  The  ditferent  sections  were  then  placwl  in  po- 
sition along  side  of  li)wering  barges  and  securely  fastened  together,  each  frame  being 
firiied  and  then  fastened  with  No.  10  galvanized  wire.  The  head  or  upstream 
frames  were  built  of  3-inch  by  6-inch  lumber  and  strengthened  at  each  toggle  pin 
by  three  lines  of  iron  rods,  one  running  straight  and  one  on  each  side  of  pin  diago- 
nally across  mattress,  crossing  frames  and  securely  fast-ened  with  wire  to  each  frame. 
The  frames  being  at  right  angles  to  bank  or  slope,  poles  are  placed  at  proper  dis- 
tances apart,  according  to  slope,  to  keep  rock  from  shifting  or  rolling  out  in  stream. 
The  manner  of  attachmg  lowering  and  toggle  lines,  loading,«and  sinking  were  the. 
same  as  in  the  third  district  front. 

The  dimensions  of  the  mattress  were  355  by  130  by  1.75  feet  thick,  and  the  cost  and 
material  were — 

607.9  cords  brush,  at  $2.07 $1,25«.35 

13,472  feet,  B.  M.,  2  by  4  inch  lumber,  at  $10.90  per  M 1 46. 84 

2,749  feet,  B.  M.,  3  by  6  inch  lumber,  at  $10.90  per  M 29. 96 

298.67  tons  rock,  at  $2 597.34 

991  pounds  No.  10  galvanized  wire,  at  4  cent s :^).  6t 

1,200  pounds  9-inch  steel-wire  nails,  at  .^i  cents 42. 00 

2,700  pounds  6-inch  steel-wire  nails,  at  3  cent^ 81. 00 

300  pounds  3i-iuch  steel-wire  nails,  at  3.30  cents J).  90 

3,787  pounds  rod  and  mattress  chain,  at  3i  rents 132. 54 

Hf^  bolts  l-incli  iron,  at  5  c«nts  eaeh 4.  :^ 

131  fishplates,  at  7  cents  each 9. 17 

1.200  rations,  at  30  cents .3«U).  00 

Labor,  including  tug,  supcrintendenee,  etc , 1 ,  {YXk  91 

Total 4,704.95 

Number  of  ^juare  feet  in  mat  tress ^ 46,  1.50 

Pounds  «»f  rock  per  s<^uare  foot  t-o  sink 12. 94 

Cost  per  square  foot  in  place $<).  1019 

Construction  of  cribs  for  SjjurNo. 4  was  coninieneed  September  22  and  finished 
October  13.    The  last  crib  wjis  sunk  on  Spur  November  13. 

The  dimensions  of  the  cribs  built  and  sunk  on  this  spur  were — 

Crib  No.  1 120x56x6 

Crib  No.  2 152x48x6 

Crib  No.  3 170x40x6 

Crib  No.  4 2(K)x32x6 

Crib  No.  5 274x24x6 

Crib  No.  6 310x16x6 

Cost  and  material  were — 

1,.386.8  c^rds  brush,  at  $2.07 $2,870.67 

68  cords  poles,  at  $2.07 140.76 

580.45  tons  rock,  at  $2 1,  UiO.JIO 

37,380  feet,  B.  M.,  3  by  6  inch  lumber,  at  $10.90  ].er  M 407. 44 

2,090  pounds  No.  10  galvanized  wire,  at  4  cents 83. 60 

456  pounds  iron  rods,  at  3§  cents 15. 96 

1,950  pounds  9-inch  st^'cl-wire  nails,  at  3i  cents 68. 25 

200  pounds  6-inch  steel-wire  nails,  at  3  cent« 6. 00 

1,600  rations,  at  30  cents 450.00 

Labor,  including  tug,  superintendence,  etc 3, 100. 16 

Total 8,303.74 
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Number  of  cubic  feet  of  crib  work  in  spur 2,325. 12 

Pounds  of  rock  per  cubic  foot  to  sink 4. 99 

("oHt  per  cubic  foot  in  place $0. 0357 

TJie  total  cost  of  spur  was $13, 008. 60 

Construction  of  mattress  for  Spur  No.  3  was  comracnccd  October  6  and  finished 
October  18.  It  was  sunk  November  21.  The  style  of  mat  tress  was  tl!o  same  as  on 
Spur  No.  4,  and  its  dimensions  were  415  by  140  by  1.75  feet  thick. 

The  cost  and  material  were : 

618  cords  brush,  at  $2.07 $1,279.26 

3,126feet,B.M.,3  by  6  inch  lumber,  at$10.90 34.07 

18,182  feet,  B.  M.,  2  by  4  inch  lumber,  at  $10.90 198.18 

372.32  tons  rock,  at  $2 ^ 744.64 

1,166  pounds  No.  10  galvanized  wire,  at  4  cents 46. 64 

1,300  pounds  9-inch  steel-wire  nails,  at  3i  cents 45. 50 

2,350  i>ounds  6-inch  steel-wire  nails,  at  3  cents 70. 50 

175  pounds  3i-inch  steel-wire  nails,  at  3.30  cents   5. 77 

4,335.21  pounds  rods  and Inattress  chain,  at  3i  cents 151. 73 

98  tish  plates,  at  7  cents  each 6.86 

2,000 rations,  at30cent8 600.00 

Labor,  including  tug,  superintendence,  etc 2, 600. 76 

Total , 5,783.91 

Number  of  square  feet  in  mattrew* 58, 100 

.Pounds  of  nick  per  square  foot  to  Hin% 12.  ^1 

Cost  per  square  foot  in  place $0. 0995 

Construction  of  cribs  for  Spur  No.  3  wa*  commenced  October  18  and  finished  De- 
cember 20.  The  last  crib  was  sunk  December  22.  The  dimensions  of  the  cribs  built 
and  sunk  on  this  spur  were : 

Feet. 

Crib  No.  1 50x64x6 

Crib  No.  2 154  X  56  X  6 

Crib  No.  3 ?....  220  X  48  X  6 

Crib  No.  4 245  X  40  X  6 

Crib  No.  5 270  X  32  X  6 

Crib  No.  6 :W5  X  24  X  6 

Crib  No.  7 400  X  16  X  6 

The  cost  and  material  were: 

784.1  cords  brush,  at  $2.07, $1,623.08 

826.8  cords  brush,  at  $2.25 1,  860. 30 

106.3  cords  poles,  at  $2.07 • 220.04 

K^.9  cords  poles,  at  $3.25 272.67 

989  tons  rock,  at  $2 1,978.00 

50,630  feet  B.  M.,  3  by  6  inch  lumber,  at  $10.90  per  M 551.86 

2,843  pounds  No.  10  galvanized  wire,  at  4  cents 113. 72 

268  pounds  rods,  at  3^  cents 9. 38 

18  bolts  |-inch  iron,  at  5  cents  each .90 

3.600  pounds  9-inch  steel- wire  nails,  at  3^  cent« 126. 00 

300  pounds  6-inch  steel-wire  nails,  at  3  cents 9. 00 

2,200  rations,  at  30  cents 660.00 

Labor,  including  tug,  superintendence,  etc 4, 423. 19 

Total 11, 84a  14 

Num]»er  of  cubic  feet  of  crib  work 330, 072 

I^>unds  of  rock  i»er  cubic  foot  to  sink .5. 44 

( N»Ht  per  cubic  foot  in  place $0. 0358 

Tiie  total  cost  of  spur  was $17,aS2.05 

Construction  of  mattress  for  Spur  No.  5  was  commenc^ed  December  22,  1890,  and 
completed  and  sunk  January  13,  1891.  The  dimensions  of  the  mattress  were  400  by 
120  by  1.75  feet  thick,  and  the  cost  and  material  were: 

.S.56. 18  cords  bnish,  at  $2.23 $794.28 

70.58  cords  brush,  at  $2.25 158.80 

3,252  feet,  B.  M.,  3  by  6  inch  lumber,  at  $10.90  per  M 35.44, 

16,560  foot,  B.  M.,  2by  4  inch  lumber,  at  $10.90  per  M 180.50 

294  tons  rock,  at  $2 -.  588.00 
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1,027  pounds  No.  10  galvanized  wire,  at  4  cents $41. 08 

1,000  pounds  9-inch  steel-wire  nails,  at  JH  cents 35. 00 

2,800  pounds  6-inch  steel-wire  nails,  at  .S  cents 84. 00 

400  pounds  S^-inch  steel-wire  nails,  at  3.30  cents 13. 20 

1,082  pounds  rods  and  mattress  chain,  at  3 J  cents 37. 87 

12  bolts  f-inch  iron,  at  5  cents  each .60 

54  fish  plates,  at  7  cents  each 3. 78 

1,400  rations,  at  30  cents 420. 00 

Labor,  including  tug,  superint-endencc,  etc 2, 159. 40 

Total 4,  .551. 95 

Number  of  square  feet  in  mattress 48, 000 

Pounds  of  rock  per  square  foot  to  sink 12. 25 

Cost  per  stjuare  foot  m  place $0. 0948 

The  dimensions  of  the  cribs  built  and  sunk  on  this  spur  were: 

Fe©t 

Crib  No.  1 96  X  40*X  6 

Crib  No.  2 230  X  32  X  6 

(^ribNo.  3 308  x  24  X  6 

Crib  No.  4 370  X  16  X  6 

Crib  No.  1  was  built  and  sunk  in  two  sections,  one  section  40  by  40  by  6  feet,  and 
one  56  by  40  by  6  feet.  There  is  a  space  of  32  feet  between  sections  when  sunk  in 
position. 

The  construction  of  cribs  was  commenced  December  20,  1890,  and  completed  and 
sunk  January  22,  1891. 

Tlie  cost  and  material  were: 

948.09  cords  brush,  at  $2.25 $2,133.20 

56.94  cords  poles,  at  $3.25 185. 05 

530.29  tons  rock,  at  $2 1,060.58 

24,328  feet,  B.  M.,  3  by  6  inch  lumber,  at  $l().iH)  per  M •. 264. 19 

1,729  pounds  No.  10  galvanized  wire,  at  4  cents 69. 16 

429  pounds  iron  rods,  at  3^  cents 15. 01 

1.700  pounds  9-inch  steel-wire  nails,  at  3i  cents 59. 50 

100  pounds  6-inch  steel-wire  nails,  at  3  cents 3. 00 

700  rations,  at  30  cents 210. 00 

Labqr,  including  tug,  superintendence,  etc 2,  3.50. 15 

Total 6,349.84 

Number  of  cubic  feet  of  crib  work :         14, 072 

Pounds  of  rock  per  cubic  foot  to  sink 7. 21 

Cost  per  cubic  foot  in  pljM»e $0. 0431 

The  total  cost  of  spur  was $10,901.79 

The  total  cost  and  material  for  the  three  spur  dikes  built  in  Carroll  ton  Bend 
were: 

3,396.8  cords  brush,  at  $2.07 i $7,031.37 

1,845.47  cords  brush,  at  $2.25 4, 152.  .30 

356.18  cords  brush,  at  $2.23 794.28 

174.3  cords  poles,  at  $2.07 360. 80 

140.84  cords  poles,  at  $3.25 457.73 

3,064  tons  rock,  at  $2 6,129.46 

48,214  feet,  B.  M..  2  by  4  inch  lumber,  at  $10.90  per  M 525. 53 

121.375  feet,  B.  M.,  3  by  6  inch  1  umber,  at  $10.90  i)er  M 1, 322. 1»8 

9,846  pounds  No.  10  galvanized  wire,  at  4  cents 393.  HI 

10,750  pounds  9-inch  steel-wire  nails,  at  3^  cents 376. 25 

8,460  pounds  6-inch  steel-wire  nails,  at  3  cents 2.53.  .^>0 

875  pounds  3i-inch  steel-wire  nails,  at  3.30  cents 2H.H7 

10,357.21  pounds  rods  and  mattress  chain,  at  3^  cents 362.  .50 

1 16  bolts,  i-inch  iron,  at  5  cents  each 5. 80 

283  fish  plates,  at  7  cents  each 1 9.  8 1 

9,000  rations,  at  30  cents 2,700.(K) 

Labor,  including  tug,  superintendence,  etc .•. . .  16, 627. 57 

Total 41, 542.  .59 

Average  cost  of  crib  work  per  cubic  fiiot 0. 03.59 

Average  ^qs%  of  njattiross  per  sr^uare  foot 0, 0987 
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Thp  cost  of  the  mattr^ses  waa  in  excess  of  those  built  for  tlie  third  district  work. 
This  is  dne  to  the  increased  cost  of  willow  brush  and  poles  and  a  greater  quantity  of 
brush  used  per  square  foot  of  mattress.  Owing  to  the  swifter  current  along  this 
bank  the  mattresses  were  built  considerably  sti'onger  than  any  used  heretofore,  con- 
sequently a  greater  amount  of  rods,  mattress  chain,  and  wire  were  nsed.  During  the 
sinking  of  the  eribs  on  Spur  No.  5  there  was  a  eonniderable  rise  in  the  river,  accom- 
panied by  heavy  drift.    This  delayed  the  work  and  increased  the  expense. 

Matenal  on  hand  to  be  used  for  spur-dike  construction, 

45  cords  willow  brush,  at  $2.25 $101. 25 

334.37  cords  willow  poiei*,  at  $3.25 1, 086. 70 

5,000  feet,  B.  M..  2  by  4  inch  lumber,  at  $10.90  per  M 54. 50 

3,591 .76  t-ons  rock,  at  $2 7, 183. 52 

6,072.37  pounds  i-ineb  rods,  at  3^  cents 212. 53 

4,.555.51  pounds  |-ineh  rods,  at  3i  cents 159. 44 

3,006  pounds  mattress  chain,  at  3J  cents 105. 21 

Total 8,903.15 

During  the  construction  of  Spur  No.  3  the  tug  Tilda  had  her  propeller  knocked  off 
and  the  tug  Alert  was  employed  to  do  the  work.  The  Tilda  was  taken  to  laying-up 
quarters  at  Exposition  Wharf,  where  a  temporary  dock  was  constructed  of  an  old 
coal  barge  and  the  tug  docked  and  the  hull  rebuilt.  This  repair  was  expensive,  as 
it  was  necessary  to  put  in  new  stem  and  stern  post,  forefoot  and  dead  wood  in  bow. 
Nearly  all  the  timbers  top  and  b«>ttom  were  renewed,  in  fact  the  only  old  timber 
remaining  in  the  hull  is  the  keel,  bottom  timbers  under  bed  plate  of  engine,  and  6  or 
8  of  the  plank  along  the  keel.  These  were  perfectly  sound  and  not  necessary  to 
renew.  8ome  changes  were  made  in  the  cabin,  the  kitchen  being  enlarged  and  ex- 
tended back  over  boiler  to  admit  of  a  pump  in  the  forward  end.  Chan^^^es  were 
made  in  the  after  cabin  to  admit  of  a  closet  in  after  end  of  boat.  The  repair  to  hull 
and'cabin  cost  for  material  $1,073.83,  and  for  labor  $2,013.75.  The  machinery  wa« 
thoroughly  overhauled  and  repaired.  It  was  fitted  with  new  brasses,  crank-pin, 
propeller,  stern  bearing,  breeching,  copper  pipe  from  throttle  valve  to  steam  chest, 
and  various  other  minor  improvements  and  repairs.  The  cost  of  material  for  the 
repair  of  machinery  was  $598. .^3,  and  the  cost  of  labor  was  $270. 

The  tug  Tilda  has  been  fittetl  with  a  Ntf.  10  Cameron  fire  and  wrecking  pump.  It 
has  a  capacity  of  500  gallons  per  minute  when  being  nsed  for  wrecking  purposes. 
The  cost  of  pump  in  place,  ineludiug  all  pipe  and  hose  connections,  was  $794.26, 
making  a  total  cost  for  repairs  and  improvements  of  $4,750.37. 

After  the  completion  ot  Spur  No.  5  the  willow  brush  and  poles  on  hand  were  un- 
loaded on  the  bank  and  the  entire  plant  moved  to  Exposition  Wharf.  Repairs  were 
then  commenced  on  Barges  Nos.  1,2,  and  3.  They  were  turned  bottom  up  and  new 
rake  planking  put  on,  the  bottoms  calked  and  tarred,  the  decks  calked,  pitched, 
and  tarred,  the  sides  calked  and  painted,  the  insides  thoroughly  cleaned  and  white- 
washed. The  cost  of  material  for  repair  of  these  barges  was  $454.42,  and  the  cost  of 
labor  $1,901.85,  making  a  total  of  $2,a56.27  or  $785.42^  each.  The  old  warehouse 
barge,  being  rotten  and  worthless,  was  beac-hed.  at  Exposition  Whari^  and  will  be 
used  fc»r  storing  worthless  and  such  material  as  is  not  required  during  spar-dike 
construction. 

Barge  No.  6  has  been  convtMte«l  into  a  warehouse.  Some  minor  repairs  were  done 
to  hull,  and  a  house  built  110  by  26  feet.  The  roof  was  made  of  inch  plank  covered 
with  I*.  &  B.  roofing  paper.  The  c.c»st  of  material  waa  $273.69,  and  the  cost  of  labor 
was  $451.75,  making  a  total  of  $728.44. 

Barges  Nos.  4  and  5  have  been  cleaned,  whitewashed  and  painted,  and  some  re- 
]>airs  done  to  sides  and  decks.  Nos.  9,  10,  and  11  have  been  cleaned,  whitewashed 
and  paintwl.  ITioy  have  also  been  calked  and  pitched.  This,  with  cleaning,  dry- 
ing, and  storing  manilla  line^,  cleaning  and  painting  wire  lines,  loading  and  unload- 
ing lumber,  poles,  and  difterent  material,  moving  flc44  to  laying-up  quarters  and 
caring  for  saUie,  has  cost  appnixiuiately  $1,625.2.5,  including  labor  and  material. 

St4*,am  launch  No.  1,  received  from  Warrenton  observation  party  in  June,  1889,  ln*a 
been  condemned  and  beached  at  Exposition  Wharf.  Launch  No.  5,  received  from 
St.  Louis  May  16,  1891,  required  some  repairs  to  stern -bearing.  She  is  otherwise  in 
good  conditic^. 

The  quarter  boat  ia  on  ways  having  the  hull  rebuilt.  The  cost  to  date  has  been 
for  material,  $544^  and  for  labor,  $1,4(^.25. 

Surveys  were  made  in  the  (Jouldsboro,  Carrollton,  and  third  district  bends  by 
Assistant  Engineer  W.  J.  Hardee.  The  Carrollton  survey  extended  a  distance  of 
6,875  foot  of  shore  lino.    The  soundings  wore  ^-un  out  until  the  channel  waa  fullY 
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measured  and  the  incline  of  the  opposite  hank  encountered,  which  was  nowhere 
less  than  550  feet,  and  as  much  as  750  feet  from  edge  of  water.  Six  tlionsaud  three 
hundred  and  ninety-eight  soundings  were  taken,  an  average  of  1  sounding  to 
ahout  every  25  feet  square.     This  survey  cost  $330. 

ITiird  district  survey  extended  over  5,800  feet  of  shore  line.  The  soundings  were 
run  out  from  600  to  1,000  feet  from  edge  of  water. 

PROTECTION  OF  LEVEES. 

The  machinery  of  the  United  States  tug  Parker  was  repaired  at  a  cost  for  hraBses 
and  machinist  of  $200.92.  and  for  labor,  $45.90;  total,  $246.82,  charged  to  levees. 
Barge  No.  8  was  fitted  with  temporary  house  covered  with  tarpaulins,  to  be  used  as 
quarter  boat  by  Assistant  Engineer  Hardee,  on  protection  of  levees.  The  cost  for 
material  was  $16,  and  the  cost  for  labor  was  $56.25,  making  a  total  of  $72.25  charged 
to  protection  of  levees.  The  United  States  steamboat  Thos.  B.  Florence  was  repaired 
at  a  cost  of  $59.65  for  labor  and  $35.10  for  material. 

SURVEYS,  GAUGES,  AND  OBSERVATIONS,  AMES  CREVASSE. 


The  break  occurred  March  16,  about  9  or  9 :30  p.  m.  I  learned  from  residents  at  the 
company  canal  that  the  break  was  caused  by  the  rice  flume,  an  iron  pipe  that  was 
put  in  the  levee  about  October,  1890.  The  water  did  not  make  its  way  along  the 
pipe,  bnt  about  3  feet  below  the  crown  on  the  river  side  and  it«  outlet,  about  5  feet 
above  the  base,  on  the  land  side.  This  was  due  to  the  earth  not  being  properly  packed 
the  cut  made  through  the  levee. 


in 


I  measured  the  crevasse  on  March  18,  and  found  the  width  164  feet,  the  upper  edge 
of  break  being  434  feet  below  center  line  of  Spur  No.  1,  GreenviDe  Bend,  and  the 
lower  edge  382  feet  above  Spur  No.  2.  The  greater  caving  has  taken  place  on  the 
lower  side;  the  lower  side  is  now  767  feet  below  center  lino  of  Spur  No.  2,  making  a 
total  increase  of  352  feet — a  total  of  1,501  feet  since  first  measurement. 

Daily  measurements  and  gauge  readings  were  taken  at  points  above  and  below  the 
crevasse,  and  one  gauge  established  on  opposite  shore  to  crevasse. 

A  tabular  statement  of  daily  measurements  and  gauge  readings  is  given  herewith : 


Observations  at  Ames  Crevasse. 
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Ohscrvations  ai  Ames  Crevcase — Continued. 


Dat«. 


1891. 
Apr.  11 
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From  date  of  Inst  report  until  November  7,  1890,  I  acted  a 
Douglas,  assistant  engineer. 

Very  respectfully,  your  obedient  servant, 
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The  following  maps  and  drawings  are  transmitted  herewith : 

Platk      I. — Showing  location  of  all  works  of  improvement  in  fourth  diBtrict,  Mis- 
sissippi River. 
Platk     II. — Works  of  improvement  at  junction  of  Red  and  Atchafahiya  rivers. 
Plate   III. — Works  of  improvement  in  New  Orleans  Harbor. 
Plate     V. — Spur  dikes  in  Carrollton  B4'nd,  New  Orleans  Harbor. 
PI4ATK  VII. — Tripod  placed  in  Ames  Crevasse. 


Very  respectfully,  your  obediont  servant^ 


Col.  C.  B.  COMSTOCK, 

CQrp9  of  RngineerSj  U.  S,  A,, 

President  Mississippi  Miver  Commission, 


John  Millis, 
First  Lieut,  of  Engineers, 
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report  of  lieittknant  .tohn  milms,  tori's  ok  engineers;  on  fiurvbt  of  missis- 
sippi river  in  vicinity  of  natchez,  mississippi,  and  vidai^ia,  i/hhsiana. 

United  States  Engineer  Office, 

New  Orleans,  La,,  June  29, 1891, 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  a  survey  of  the  Missis- 
sippi Kiver  in  the  vicinity  of  Natchez,  Miss.,  and  Vidalia,  Lar.,  made  in  compliance 
with  the  instructions  of  the  (lommission,  with  a  view  to  det-ermining  what  improve- 
ment44  are  necessary  in  that  locality. 

The  charge  of  the  improvement  of  the  harbors  of  Natchez  and  Vidalia  was  trans- 
ferred by  Aiaj.  A.  M.  Miller,  Corps  of  Engineers,  U.  8.  Army,  to  Maj.  Amos  Stickney, 
Corps  of  Engineers,  U.  S.  Army,  on  September  2, 1886,  the  latter  officer  being  at  the 
time  on  duty  under  the  Mississippi  River  Commission,  in  charge  of  the  fourth  district. 
Previous  to  this  transfer  work  bad  been  begnn  in  an  attempt  to  arrest  caving  of  the 
banks  in  (viles  Bend  and  in  Marengo  Bend,  but  owing  to  lack  of  funds  it  was  not 
practicable  to  accomplish  suflicient  work  to  be  permanently  elfective,  and  nothing 
WHS  done  subsequent  to  March,  1882. 

In  lS8i>,  Major  Stickney  submitted  a  plan  of  improvement  which  con templat<ed  ihe^ 
protection  of  caving  banks  by  means  of  spur  dikes  placed  at  intervals  of  about  1,000' 
feet,  and  Iiih  estimate  of  the  cost  of  improvement  was  $600,000.  To  this  plan  was 
after wanlH  added  a  levee  to  be  built  apx>rozimat-ely  parallel  to  the  axis  of  the  nar- 
row neck  above  Natchez,  to  prevent  a  flow  of  water  across  the  neck  during  flood 
stages  of  the  river.  The  cost  of  this  levee  wsis  estimated  at  $100,000,  making  the 
total  estiuiat'O  for  the  project  $700,(X)0.  In  1885,  Major  Stickney  estimated  that  if 
continuous  mattress  revetment  was  substituted  for  spur  dikes  to  protect  the  caving 
banks,  the  cost  would  be  $1,040,000. 

No  couNtruction  has  ever  be«n  done  since  this  office  assumed  charge  of  the  work  in 
1882  on  account  of  lack  of  funds. 

By  resolution  passed  at  its  meeting  of  November  26, 1890,  the  Commission  directed 
the  district  officer  to  have  made  '^  a  resurvey  of  the  bank  line  in  the  vicinity  of 
Natchez,  to  extend  from  the  head  of  Giles  Bond  to  jUst  below  Vidalia,  to sonnd  three 
or  four  typical  cross  sections  near  the  apex  of  each  bend,  to  run  a  lino  of  levels 
across  the  narrow  neck  between  Giles  and  (\»wi>en  bends,  and  to  submit  to  the  presi- 
dent of  the  C*ommission  a  report  showing  what  improvements  are  required  in  this 
vicinity." 

The  survey  as  above  dircH^ted  was  made  under  the  immediate  direction  of  Assistant 
Engineer  \\.  S.  Douglas,  by  Mr.  H.  C.  Smith  an<i  Mr.  E.  B.  Geddes,  surveyors,  and 
the  map  is  submitted  herewith. 

The  <'ity  of  Natchez  is  situated  on  a  high  bluif  on  the  east  bank  of  the  river,  103 
railcH  bellow  Vicksburg.  It  has  a  population  of  about  10,000  and  is  the  most  impor- 
tant, town  and  river  port  below  Vicksburg,  excepting  New  Orleans. 

Vidalia  is  situated  on  the  low  ground  directly  opposite  Natchez  and  immediately 
on  the  bank  of  the  river.    It  has  a  population  of  abont  1,000. 

Two  railroivds  terminate  at  Natchez,  the  Natchez,  Jackson  and  Colnmbus,  which 
comes  in  from  the  eastward,  and  the  Louisiana  and  Northeastern,  which  runs  to  Vi- 
dalia and  comes  by  ferry  to  Natchez. 

Vidalia  is  the  terminus  of  the  Natchez,  Red  River  and  Texas  road. 

The  mauufactoring  interests  of  Natchez  consist  principally  of  cotton^  lumber,  »n^ 


APPENDIX  ZZ — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     3717 

cotton-seed  oil  millB,  aud  a  large  cotton  compress.  There  are  no  manufactures  of 
any  consequence  in  Vidalia. 

The  total  value  of  receipts  and  shipments  by  river  at  Natchez  for  the  year  ending 
May  31,  1891,  is  estimated  at  $2,829,917,  and  the  estimated  amount  for  Vidalia  is 
$781,976,  making  the  value  of  the  total  annual  commerce  of  the  two  places  $3,611,893. 

The  hi^h- water  width  of  the  Mississippi  at  Natchez  is  less  than  at  any  other  jpoint 
below  Cairo,  the  distance  from  the  bluff  on  the  east  bank  to  the  levee  opposite  in 
front  of  Vidalia  being  only  2,170  feet.  Great  depth  is  consequently  found  nere,  and 
in  high  water  a  very  strong  current.  About  6  miles  above  the  city  the  river  makes 
a  bend  to  the  eastward,  and  striking  the  line  of  bluffs  is  deflected  t>o  the  westward, 
forming  Giles  Bend.  It  then  makes  a  turn  to  the  southward  and  efistward  again 
(Marengo  Bend)  and  striken  the  bluff  just  above  Natchez.  It  follows  the  foot  of  the 
bluffs  for  some  distance  below  Natchez  and  then  leaves  it,  taking  a  southwesterly 
course.  The  bend  immediately  above  Natchez  is  called  Cow  pen  Bend,  and  between 
this  and  Giles  Bend  is  a  peninsula  about  5  miles  long  running  out  from  the  bluff. 
This  peninsula  is  now  about  4,100  feet  wide  in  the  narrowest  place.  It  is  generally 
low  and  covered  with  trees  and  a  thick  undergrowth,  though  parts  of  it  have  been 
cleared  and  are  under  cultivation.  At  high  stages  of  the  river  this  peninsula  is  en- 
tirely overflowed. 

The  changes  in  the  river  in  this  vicinity  which  have  heretofore  caused  apprehen- 
sion were  &e  caving  at  Palo  Alto  Point,  which  it  was  feared  might  result  in  the 
moving  down  of  Cowpen  Bend  and  the  destruction  of  Vidalia;  the  cavin|^  in  Mar- 
rengo  Bend,  which  was  ejected  to  result  in  the  diversion  of  the  Mississippi  from  its 
present  course  into  Latke  Concordia,  aud  i>oHsibly  the  development  of  Bayou  Cocodia 
as  an  outlet ;  and  the  formation  of  a  cut-off''  across  the  narrow  neck  between  Giles 
Bend  and  Cowpen  Bend  due  to  the  caviug  in  Giles  Bend. 

The  recent  survey  shows  that  all  these  changes,  as  well  as  others,  are  still  in  prog- 
ress, though  the  caving  at  Palo  Alto  Point  seems  to  have  been  slight.  With  the  ex- 
ception of  the  caving  in  Giles  Bend,  however,  none  of  these  changes  are  believed  to 
be  of  sufficient  importance  or  to  threaten  an  amount  of  damage  wnich  would  justify 
their  consideration  in  connection  with  works  of  improvement  to  be  recommended  as 
necessary  or  expedient. 

The  neck  of  the  peninsula  where  a  cut-oft'  is  feared  has  narrowed  from  5,500  feet  in 
1883  to  4,100  feet,  its  width  at  the  present  time,  and  the  difference  in  level  between 
the  water  surface  above  and  that  below  is  now  3.4  feet.  The  formation  of  such  a 
cut-off  would  undoubtedly  result  in  very  great  damage  not  only  in  the  immediate 
vicinity,  but  both  above  and  below.  The  local  result  would  probably  be  a  rapid 
erosion  and  caving  of  the  bank  opposite  Natchez  and  the  partial  or  complete  destruc- 
tion of  Vidalia,  while  a  building  out  of  the  shore  in  front  of  Natchez  would  take 
place  and  the  river  would  eventually  assume  a  course  as  indicated  on  the  map. 

With  the  great  increase  in  the  river  slope  and  velocity  of  the  current,  the  effect 
would  extend  to  a  considerable  fUstance  up  and  down  stream,  the  rate  of  caving 
would  largely  increase  in  several  bends,  and  the  inevitable  result  would  be  a  large 
destruction  of  levees  and  real'estate  in  the  natural  effort  of  the  river  to  adapt  itself 
to  Uie  new  conditions. 

The  works  of  improvement  whieli  are  recommended  to  prevent  the  formation  of 
the  cut-off  ore,  protection  of  the  caving  bank  in  Giles  Bend  and  a  levee  on  the  neck 
below  this  bend  to  prevent  the  river  from  breaking  through  during  high  water,  as 
has  previously  been  recommended,  and  some  arrangement  with  the  owner  of  the 
property  by  which  clearing  of  timber  and  undergrowth  along  the  caving  bank  shall 
De  stopped. 

Of  the  above,  the  levee  should  be  built  at  once.  As  the  neck  gets  narrower  the 
slope  and  velocity  of  the  current  across  the  neck  during  hi^h  water  will  of  course 
become  greater,  and  the  danger  of  the  river  cutting  through  is  increasing  from  year 
to  year.  Though  the  levee  will  have  no  influence  on  the  caving  above,  and  would 
eventually  be  destroyed  if  other  means  were  not  resorted  to  to  stop  caving,  its  ef- 
fect while  it  does  last  will  be  positive  and  its  life  would  be  sufficiently  great  to  jus- 
tify the  expenditure  as  a  temporary  expedient  only,  judging  by  the  standard  of 
endurance  often  adopted  for  levees  which  are  built  for  the  prevention  of  overflow  at 
other  places  on  the  river. 

The  estimate  for  the  levee  is  $66,300. 

With  regard  to  the  prevention  of  caving  in  Giles  Bend  the  conditions  and  recom- 
mendations can  not  be  stated  with  equal  positiveness,  except  that  spur  dikes  are  not 
recommended  since  the  efficiency  and  economy  of  this  method  of  protecting  caving 
banks,  when  applied  under  conditions  similar  to  those  obtaining  in  Marengo  Bend, 
are  not  believed  to  have  been  as  yet  satisfttctorily  established,  and  it  is  believed  that 
the  safest  form  of  protection  in  the  present  state  of  knowledge  and  experience  on 
the  subject  would  be  a  continuous  mattress  and  stone  revetment.  No  practicable 
method  of  preventing  the  clearing  oft*  of  the  neck  is  suggested  short  of  purchasing 
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the  land  outright^  an  investment  which  it  is  not  believed  would  prove  economical 
or  judicious  at  present. 
To  nlford  reasonable  prospect  of  the  success  of  the  bank  protection  the  funds 

available  should  be  sufficient  to  complete  enough  of  the  work  to  be  effective  in  one 
working  season  aud  to  continue  the  work  thereafter  as  rapidly  as  possible  and  with- 
out interruption.    The  advisability  of  undertaking  it  at  ail  under  less  favorable  con- 
ditions would  be  to  my  mind  a  matter  of  considerable  doubt. 
The  following  is  the  total  estimate  for  the  work  recommended: 

For  plant : 

Ten  large  barges,  at  $3,000 $30,000 

Four  small  barges,  at  $1,500 6, 000 

One  steam  tug 10,000 

One  steam  launch 3, 000 

Two  quarter  boats,  at  $3,500 7, 000 

Tools,  skiffs,  etc 9,000 

Total  for  plant 65,000 

For  constructing  16,000  linear  feet  of  bank  revetment  in  Giles  Bend,  at  $25 

per  foot 400,000 

For  care  and  repairs  to  plant 10, 000 

For  levee  to  prevent  scour  across  neck  during  high  water,  255,000  cubic 

yards,  at  26  cents 66,300 

Total  for  improvement 541, 300 

Should  the  other  works  in  the  district  take  such  shape  as  to  permit  the  use  of  por- 
tions of  the  plant  now  on  band  the  above  estimate  for  new  plant  might  be  somewhat 
reduced. 

The  proposed  levee  on  the  neck  between  Giles  Bend  and  Cowpen  Bend  is  believed 
to  be  urgently  necessary  and  its  construction  at  once  is  recommended  if  funds  from 
the  present  allotment  for  levees  can  be  made  available.  By  building  this  levee  it  is 
estimated  that  the  formation  of  a  cut-off  can  be  postponed  with  certainty  for  15 
years  with  no  further  work  of  improvement,  aud  without  the  levee  the  cut-off  is 
liable  to  occur  at  any  flood  season. 

The  following  commercial  statistics  of  Natchez  and  Vidalia  for  the  year  ending 
May  31,  1891,  were  compUed  by  Assistant  Engineer  Hardee: 

Statement  sJiomng  tlie  approximate  receipts  and  shipments  of  freight  hy  river  from  June  1, 
1890y  to  June  i,  lS91y  at  Natchez ^  Miss,  and  VidaliOy  La.y  compiled  from  information 
deriredfrom  the  commercial  exchanges  of  those  places  and  the  business  houses  and  land 
ings  where  the  steamboats  receive  and  discharge  cargoes.* 

NATCHEZ,  MISSISSIPPI. 
Receipts, 

Number  of  steamboats  in  the  trade 88 

Number  of  times  arrived i. 819 

Number  of  barges 52 

Total  cargo  arrived  (tons) 106,961 

Value  of  same $1,734,027 

ARTICLES  OF  CARGO. 


Cotton bales . .         15, 500 

Lumber feet,  B.  M..  7,000,000 

Wood cords..  960 

Corn  meal barrels .  -         37, 482 

Oats sacks..       101,450 


Cottonseed «. sacks..        65,307 

Coal bushels..  1^250,000 

Backs,  empty bundles. .  1, 150 

Flour barrels..        19,156 

Corn sacks..'       65,840 


Bran  do 13, 189  i  Wet  barrels number..  987 


Wrapping  paper. .  .packages..  605 

Hardware do 10,  374 

Wooden  ware do 7,628 


Sash,  doors,  and  blinds. pkgs..  769 

Groceries do 18, 780 

Miscellaneous do 1,150 
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Shipments. 

Number  of  steamboats  in  tbe  trade 88 

Number  of  times  departed 717 

Total  cargo  shipped  (tons) 28, 104 

Value  of  same $1,095,890 

ARTICLES  OF  CARGO. 


Cotton bales. 

Cotton-seed  oil gallons . 

Cotton  linters pounds . 

Lumber feet,  B.  M . 

Ice tons. 

Flour barrels. 

Com sacks. 

Wet  barrels number.. 

Sash,  doors,  aud  bliuds.pkgs.. 

Groceries do 

Cotton  batting bales. , 

Miscellaneous packages. 


10,527 

154, 677 

176,  775 

1, 490, 600 

1,998 

14, 576 

42,842 

944 

653 

15,683 

583 

1,052 


Cotton  cloth yards . 

Cotton-seed  meal sacks. 

Sacks,  empty number. 

Shingles do . . . 

Com  meal barrels . 

Oats sacks. 

Bran do . . . 

Wrapping  paper bandies . 

Hardware packages . 

Wooden  ware do . . . 

Bricks number. 


764, 575 

12,305 

2,084 

910, 500 

31,462 

73,4^ 

7,670 

369 

^558 

5,976 

215,600 


RECAPITULATION  FOR  NATCHEZ,   MISSISSIPPI. 

Total  cargo  received  and  shipped  (tons) 135, 065 

Total  value  of  cargo  received  and  shippetl $2, 829, 917 

VIDALIA,  LOUISIANA. 

Number  of  steamboats  in  the  trade 38 

Number  of  times  they  have  landed 819 

Number  of  barges 2 

Total  cargo  received  and  shipped  (t-ons) 12, 392 

Total  value  of  cargo  received  and  shipped $781, 976. 75 


ARTICLES  OF  CARGO. 


Cotton bales.. 

Cross  ties number. , 

Com sacks . 

Com  meal barrels. , 

Hay bales., 

Miscellaneous packages . . 

Furniture do 

Molasses barrels.. 

Liime ► do 

Coal  bushels.. 


12, 560 
5, 147 

12, 519 
5,314 
1,870 
7,200 
3,500 
325 
180 

24,000 


Cotton  seed sacks. 

Bran  do . . . 

Oats do  - .  J 

Flour barrels . 

Liquors do . . . 

Meat  (salt) boxes. 

Sugar barrels . 

Groceries i>ackage8 . 

Hardware do . . . 

Lumber feet,  B.  M. 


58,400 

900 

15, 465 

2, 758 

150 

175 

410 

3,  325 

1,  275 

196,  750 

The  nearest  port  of  entry  to  Natchez  is  Yicksburg,  Miss. 


XUPKOYING  MISSISSIPPI  RIVER  AT  NATCHEZ  AND  VIDALIA,  MISSISSIPPI  AND  LOUISIANA. 

NATCHEZ,  MISSISSIPPI  (SURVEY). 

Money  statement 

Amount  allotted  from  act  approve<l  September  19,  1890 $1, 500. 00 

June  30,  1891,  amount  expended  during  tiscal  year 1, 385. 31 

July  1,  1891,  balance  unexpended 114. 69 

(  Amount  that  can  be  profitably  expended  in  fiscal  ^ear  ending  June  30, 1893  250, 000. 00 
<  Submitted  in  compliance  with  requu'ements  oi  sections  2  of  river  and 
(     harbor  acts  of  1866  and  1867. 
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TIio  report  of  AHMmtnut  Eugiueer  H.  S.  Douglas  ou  the  survey  aeconipunics  and 
forms  a  part  of  thiH  report* 

JOITN  Ml  M.I  S, 

First  Lieut,  of  Engineen, 

Col.    C.    IJ.   COMSTOCK, 

Corptt  of  Eiufinrei'H^  V.  S.  A., 

FrtnUUid  MiHaiHuippi  River  Commission, 


RKroRT  OF   MR.   H.  8.  DOIHJLAS,    ASSISTANT  ENGINEER. 

New  Orleans,  La.,  June  SO,  1S91. 

.  Sir:  I  have  the  honor  to  suhDiit  the  following  report  upon  the  survey  of  the  Mis- 
sissippi River  in  the  vicinity  of  Natchez,  Miss.,  anil  Vid alia,  La. 

The  length  of  river  to  he  surveyed  (ahout  18  miles)  and  the  amount  allotted  for 
the  purpose  hore  such  relation  that  it  was  necessacy  to  eov<fr  the  great<'>st  amount  of 
territory  with  the  least  possible  expenditure  of  money;  In  consequence  the  methods 
])ur8aea,  while  giving  generally  good  results,  were  not  of  an  extremely  accinrate 
character.    They  were : 

A  transit  and  stadia  traverse  line  on  magnetic  meridian  of  either  bank,  such  to- 
pography as  W21S  essential  being  located  in  the  same  way.  These  traverse  lines  were 
tied  onto  angles  in  the  existing  old  levees  and  to  the  stone  lines  of  the  Commission 
where  possible,  to  identify  the  lines  for  comparative  puiposes.  Twelve  seotions  of 
theriver  were  sounded,  the  soundings  being  located  by  the  intersections  of  ranged  lines 
and  transit  angles,  which  method  gives  results  containing  a  certain  element  of  inac- 
curacy. A  line  of  levels  was  run  across  the  neck  of  land  between  Giles  and  Cowpen 
bends,  and  a  line  for  a  levee  to  prevent  the  flow  of  wat.er  across  the  neck  was  staked 
out.  All  levels  were  connected  with  the  zero,  of  the  Natchez  gauge  and  soundings 
reduced  to  the  same  plane. 

The  following  is  a  summary  of  the  work  done : 

Length  of  traverse  line miles..  41 

Length  of  level  lines do. . .  10 

Number  of  soundings  taken  and  lo«'ated 506 

Area  covered  by  survey  .  .•. square  miles. .  16 

For  comparative  purposes  the  survey  made  by  the  Mississippi  River  Commission  in 
February,  1883,  has  been  used.    The  comparison  shows  the  following  changes : 

On  the  upper  side  of  the  neck  in  Giles  Bend  the  bank  is  caving  for  a  distance  of 
30,000  feet.  The  maximum  recession  of  the  bank  in  this  bend  is  1,600  feet.  The 
total  area  of  land  destroyed  by  the  caving  of  the  river  banks  is  about  661  acres, 
which  multiplied  by  the  average  depth  of  the  river  below  the  bank  gives  86,000,000 
cubic  yards  of  material  removed  by  the  action  of  the  river  since  February,  1883. 

The  next  material  change  noted  is  on  the  west  bank  of  the  river  in  the  Marengo 
Bend.  Here  the  length  of  bank  where  caving  has  taken  place  is  30,000  feet.  The 
maximum  recession  of  bank  is  4,500  feet,  and  the  area  of  land  destroyed  is  about  1,605 
acres.  The  amount  of  material  removed  by  the  action  of  the  river  since  1883  is 
about  193,000,000  cubic  yards.  The  lower  end  of  the  Marengo  Bend  is  at  Palo  Alto 
Point,  about  2  miles  above  the  town  of  Vidalia.  In  1884  the  rapid  caving  on  the 
upper  side  of  the  point  caused  apprehension  that  the  river  would  cut  its  way  through 
and  possibly  destroy  the  town  of  Vidalia.  A  survey  was  made,  and  the  alarm  at 
that  time  considered  well  founded.  Work  to  prevent  further  erosion  of  the  bank 
was  recommended,  but  nothing  was  done.  Since  that  time  the  channel  of  the  river 
has  slightly  changed,  and  the  rate  of  caving  on  the  upper  side  of  Palo  Alto  Point 
has  decreased  to  such  an  extent  that  there  dties  not  appear  to  be  immediate  danger. 

No  considerable  change  is  shown  in  the  bank  lines  at  other  points,  but  at  the 
lower  end  of  the  town  of  Vidalia  some  caving  has  taken  place  within  the  last  2  years. 
The  extent  of  the  caving  at  this  point  is  not  very  great,  but  on  account  of  expensive 
improvements  on  the  immediate  bank  and  the  greater  value  of  land,  it  has  excited 
more  interest  than  elsewhere. 

I  think  that  the  great  danger  now  threatening  the  harbors  of  Natchez  and  Vidalia 
is  the  possible  cut-off  through  the  neck  of  land  between  Giles  Bend  and  Cowpen  Bend. 
Such  a  cut-off  can  not  possibly  be  beneficial  and  is  reasonably  certain  to  be  injurious, 
perhaps  destructive,  to  theriver  commerce  of  both  cities.  The  extent  of  such  iiyury 
or  the  exact  results  can  not  now  be  definit'ely  stated.  It  would  be  likely  to  cause  the 
total  destruction  of  the  present  site  of  VidaJia  and  create  a  sand  bar  in  front  of  Natchez. 
But  this  would  not  be  the  possible  extent  of  the  injury  to  the  countryin  the  vicinity. 
The  line  of  levels  mn  across  the  neck  at  about  the  time  when  the  river  was  rising  and 
overflowing  the  natural  bank  showed  a  fall  of  3.42  feet  in  4,100  feet,  the  distance  across 
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the  neck.  It  is  absolutely  certain  that  th  is  neat  slope  would  not  remain  in  the  limited 
distance  mentioned,  but  would  be  prorated  over  a  long  distance  above  and  below  the 
cut-off.  Increased  slope  means  increased  velocity,  and  increased  velocity  causes  the 
more  rapid  caving  of  the  river  banks.  Levees  now  considered  reasonably  permanent 
will  be  destroyed  and  have  to  be  replaced  by  higher  and  more  expeuHi  ve  embankments. 
When  it  is  remembered  tiiat  the  King  Point  Cut-off,  which  occurred  in  1884,  is  but 
a  few  miles  above,  the  effect  of  both  can  be  surmised.  It  will  practically  destroy 
the  river  front  of  Concordia  Parish  for  levee  purposes,  as  the  Palmyra  and  Centen- 
nial cut-offs  have  destroyed  the  front  of  Tensas  Parish.  The  actual  damage  that 
would  be  caused  by  the  prospective  cut-off  can  not  be  stated,  even  approximately, 
but  it  would  undoubtedly  be  far  greater  than  the  cost  of  such  work  as  would  be 
necessary  to  prevent  the  cut-off  across  the  neck  of  laud  between  Giles  and  Cowpen 
bends. 

Very  respectfully,  your  obedient  servant, 

H.   S.   DoUGLAfl, 

Amstant  Engineer* 
Lieut.  John  Millis, 

Corps  of  Engineers,  U,  S,  A, 
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autnual  report  of  thr  missouri  river  commission  for  the 

fiscal  year  ending  june  30,  1891. 

Missouri  Kiveb  Commission, 

^'^.  LouiSy  Mo,j  July  9j  1891. 

Sir:  The  Missouri  Eiver  Commission  beg  leave  to  submit  herewith 
their  anuudl  report  for  the  :Qscal  year  ending  June  30,  1891. 

At  the  date  of  the  last  annual  report  all  work  of  construction  had 
been  suspended  for  lack  of  funds,  and  the  late  date  at  which  the  new 
appropriation  was  made  did  not  admit  of  its  resumption,  except  in  a 
few  eases,  until  the  spring  of  the  current  year,  since  which  time  opera- 
tions have  been  much  interfered  with  by  high  water.  Everything  is, 
however,  in  readiness,  and  as  soon  as  the  water  recedes  sufftciently  all 
the  works  contemplated  will  be  vigorously  pushed. 

The  allotments  of  the  appropriation  of  September  19, 1890,  recom- 
mended by  the  Commission  and  approved  by  the  Secretary  of  War,  are 
as  follows: 

Office  and  trayeling  expenses  and  salaries  of  CommiHsion $40, 000 

Maintenance  of  gauges,  coUection  of  physical  data,  and  publications 25, 000 

Surveys  and  examinations  between  Sioux  City  and  the  moutli  of  river 55, 000 

Care  and  repair  of  plant 35, 000 

Operating  snag  boat 35, 000 

Extending  and   completing   revetment  already  beguu  iu  the  viciuily  of 

Council  Bluft's,  Iowa 85,000 

Com]^letin^  revetment  on  Nebraska  City  Island 10, 500 

Continuation  and  completing  revetment  in  Belmont  Bend 101, 000 

Repair  and  maintenance  of  works  in  the  vicinity  of  Kansas  City 65, 500 

Systematic  imiirovement  in  first  reach .* 348, 000 

Total 800,000 

SURVEYS  AND  EXAMINATIONS. 

The  secondary  triaiigulatioii  of  the  Missouri  Valley  was  finished  dur- 
ing the  season,  and  is  now  complete  from  the  mouth  of  the  river  to  the 
Three  Forks.  One  party  extended  the  system  from  Fort  Benton  to 
Three  Forks,  Mont.,  a  distiince  of  250  miles,  while  a  second  party 
closed  the  gap  between  Sioux  City,  Iowa,  and  Fort  Leavenworth,  Kans., 
a  distance  of  385  miles. 

A  complete  survey  of  the  river  was  also  made  from  the  Three  Forks 
to  Stubbs  Ferry,  and  from  Sun  River  to  Fort  Benton,  Mont.,  a  distance 
in  all  of  125  miles.  The  same  party  also  went  over  the  131  miles  of 
river  between  Stubbs  Ferry  and  Sun  River,  revising  and  verifying  the 
previous  survey  of  Captain  Maguire,  U.  S.  Engineers,  and  connecting 
it  to  the  valley  triangulation.  Permanent  bench-marks  were  also  estab- 
lished throughout  the  whole  distance  of  256  miles. 
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During  the  previous  season  a  survey  had  been  ma^e  from  Fort  Ben- 
ton to  Goal  Banks,  a  distance  of  40  miles,  and  during  the  past  season 
Lieutenant  Chittenden,  in  charge  of  the  upper  river,  was  directed  to 
continue  this  survey,  under  a  special  allotment,  as  far  downstream  as 
time  and  funds  would  allow.  The  party  reached  Wolf  Point,  Mont., 
395  miles  below  Benton.  They  also  extended  the  permanent  beuch- 
marks  from  Trover  Point  to  Wolf  Point,  a  <listance  of  157  miles.  There 
still  remains  to  be  executed  about  700  miles  of  topographical  survey 
between  Wolf  Point,  Mont.,  and  Pierre,  S.  Dak.,  and  the  permanent 
beuch-marks  are  lacking  between  Wolf  Point  and  Sioux  City,  a  dis- 
tance of  about  1,050  miles.  This  work  has  ])assed  under  the  charge  of 
the  Engineer  Department,  U.  S.  Army,  and  it  is  understood  will  be 
completed  as  si)eedily  as  possible. 

The  published  maps  of  the  Missouri  River  between  Sioux  City  and 
the  mouth  depend  upon  surveys  made  in  1878  and  1879.  Since  then  so 
many  changes  have  occurred  as  t-o  render  these  maps  of  little  value  for 
reference,  and  as  soon  as  the  new  appropriation  became  available  a  new 
shore- line  survey  was  ordered  from  Sioux  City  to  the  mouth  of  the  river. 
This  was  carried  out  last  fall,  the  whole  distance  of  803  miles  being  cov- 
ered in  15  weeks. 

The  entire  survey  work  of  the  season,  therefore,  covers  1,374  miles  of 
river,  in  addition  to  numerous  local  surv<^ys  made  for  spe<jial  puriK>ses. 
Twenty- three  gauges  have  been  maintained  and  read,  and  the  study 
and  reduction  of  physical  datii  has  been  continued. 

For  details  see  report  of  secretary  of  the  Commission,  Appendix  A. 

CONSTRUCTION. 

WorJc  between  Fort  Beiiton^  Montana^  and  Siovx  City^  Totca. — Owing 
to  the  lack  of  funds  nothing  was  done  here.  Under  the  provisions  ot 
the  last  river  and  harbor  bill  the  work  ]>assed  int/o  the  charge  of  the 
Engineer  Department,  U.  S.  Army,  and  was  formally  turned  over  No- 
vember 30, 1890.  (See  report  of  Lieut.  H.  M.  (nutteaHleu,  U.  S.  Engi- 
neers, Appendix  B.) 

Work  between  Sioiix  Gity^  lowOu,  and  th^  mouth  of  Missouri  River, — ^For 
details,  see  Appendices  0,  C  1, 1),  and  E. 

i^iovjo  City,  lotca. — The  dikes  construct/cd  in  front  of  the  city  to  arrest 
the  severe  erosion  in  progress  have  satisfactorily  accomplished  the  work 
expects  of  them.  Some  slight  repairs  and  additions  were  made  during 
the  cun*ent  se^uson  to  increase  their  etticiency.  A  small  balan(;e  still 
remains  to  the  credit  of  this  work,  whi<'.h  is  held  to  meet  jwssible  con- 
tingencies. 

Oinaha,  Nebraslca, — No  work  was  done  at  this  point  during  the  past 
seascm.  An  allotment  lias  been  made  for  extciuliug  and  completing 
the  revetment  of  the  left  bank  near  Council  Blutt's,  which  work  will  be 
carried  out  during  the  present  season. 

Plattsmouih,  Kebraslca, — The  special  appropriation  for  this  place  made 
by  the  act  of  1888  remained  unexpended  at  the  close  of  last  tiscal  year. 
As  no  needed  work  cx)u]d  possibly  be  accomplished  by  its  expenditure 
in  this  vicinity,  the  Commission,  under  authority  of  the  act  of  1890, 
recommended  tliat  the  money  be  transferred  to  the  allotment  for  St. 
Joseph,  Mo.  This  recommendation  was  approved  by  the  Secretary  of 
War,  and  the  funds  have  been  expended  on  work  at  that  locality. 

Nebraska  City,  Nebraska, — The  work  contemplated  here  is  the  pro- 
tection of  the  shore  of  Nebraska  City  Island  above  the  railroad  bridge. 
This  work  can  only  be  done  as  the  bar  in  front  of  this  bank  is  cut  away 
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by  the  river.    During  the  past  season  940  feet  of  bank  was  protected, 
and  funds  are  held  available  for  prosecuting  the  work  as  occasion  offers. 

Eulo^  Nebraska, — Work  at  this  place,  under  special  appropriation, 
was  in  progress  at  dat^  of  last  report.  The  revetment  of  4,922  feet  of 
the  left  bank  above  the  railroad  bridge  was  completed  July  17,  1890. 
^Nothing  further  seems  necessary. 

8t.  Josephj  Missouri, — During  the  past  season  certain  changes  in  the 
channel  above  the  improved  jiortion  of  the  river  brought  a  very  severe 
strain  on  the  revetment  in  Bon  Ton  Bend,  and  threatened  the  destruc- 
tion of  all  the  work  executed  in  this  vicinity.  The  balance  remaining 
available  for  this  work  was  not  suificient  to  meet  the  danger,  and  upon 
the  recommendation  of  the  Commission  the  balance  remaining  of  the 
special  appropriation  for  Plattsmouth  was  transferred  to  this  work.  A 
system  of  pile  dikes  designed  to  control  the  channel  above  Bon  Ton 
Bend  was  begun  in  October  and  carried  on  till  stopped  by  ice,  Decem- 
ber 24.  Work  was  resumed  in  the  spring  and  carried  on  till  stopped 
by  high  water  in  June.  Work  will  be  resuuiexi  when  the  water  recedes . 
sufiiciently,  and  will  probably  bo  coniplef^,d  this  season. 

The  revetment  of  Elwood  Point,  opposite  Bt.  Joseph,  ex)n8tructed  in 
former  years,  has  never  been  carried  to  a  junction  with  the  right-hand 
bluffs.  As  the  bank  above  this  revetment  is  now  caving  badly,  the 
Commission  have  ma<le  an  allotment  for  closing  the  gap  and  thus  com- 
pleting the  work.  A  beginning  was  made  this  season,  but  was  stopped 
by  high  water  when  700  feet  had  been  constructed.  Work  will  be  re- 
sumed when  the  water  has  fallen  sufficiently. 

Atchison,  Kansas, — ^The  dikes  constructed  at  this  pla-ce  to  control  and 
direct  the  channel  have  acjcomplished  the  object  int<>nded  in  a  very 
satisfactory  manner.  Some  slight  repairs  have  been  executed.  During 
the  present  hi^h  water  a  cut  off'  has  taken  place  a  few  miles  above  the 
works,  but  it  is  yet  too  early  to  see  what  its  effect  will  be  upon  the 
river  in  this  vicinity. 

Leavenworth,  Kansas, — ^No  fiirther  work  has  been  done  here,  the  spe- 
cial appropriation  made  in  1888  being  exhausted.  At  last  accounts  the 
work  was  all  in  good  shape. 

Kansas  City,  Missouri, — l^othing  was  done  in  this  vicinity  during  the 
pa«t  season.  In  the  spring  of  1890  work  was  resumed,  but  has  been 
much  interrupted  by  high  water.  The  operations  contemplated  consist 
of  repairs  and  protection  of  dikes  and  extciisicm  of  revetment  iji  Tjittle 
Platte  Bend,  repairs  to  Kaw  Bend  revetment,  extension  of  Harlem  and 
Kansas  City  dikes,  and  construction  of  revetment  in  front  of  Harlem. 
This  work  will  probably  be  completed  during  the  current  season. 

Miami,  Missouri, — Nothing  has  been  done  here,  the  appropriation 
being  exhausted.  The  work  is  in  fair  condition  and  has  accomi)lished 
the  object  intended. 

Arrow  RqcIc,  Missouri. — Nothing  has  been  done  here,  the  appropria- 
tion being  exhau$ited.  The  revetment  built  in  1889  on  the  left  bank  in 
Nigger  Bend  was,  at  last  reports,  in  good  condition. 

REMOVAL  OF  OBSTRUCTIONS. 

The  snagboat  belonging  to  the  Commission  resumed  work  in  the  Mis- 
souri River  August  10, 1890,  and  reached  Kansas  City  October  1.  Hli<^ 
then  returned  to  the  mouth  of  the  river  and  worked  upstream  from 
October  15  to  November  7.  At  tbat  date  she  turned  back  from  Port- 
land, Mo.,  and  worked  down  to  the  mouth.  She  arrived  at  St.  Louis 
November  21,  and  was  soon  after  laid  up  for  the  winter.    She  again 
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left  St  Louis  March  11,  worked  up  to  Kansas  City,  and  returned  to  the 
mouth.  She  started  up  the  river  again  May  15  and  by  June  3  had 
reached  Glasgow.  Here  the  rapidly  rising  river  interfered  so  much 
with  her  work  that  she  wa«  orderecl  in  and  laid  up.  As  soon  as  the 
river  falls  suflBciently  work  will  be  resumed.  The  vigorous  prosecution 
of  this  work  during  low  stages  of  water  has  been  of  immense  benefit 
to  navigation. 

Table  of  work  Hone  by  snag  boat. 


Name  of  river. 


MisBonri 


Siiagf 
Number. 

1  dpHtroywl. 

KHtimat4Ml 
weight  in  tonn 
of2,iN)0p<>uiid.<«. 

25,501.1 

Trees 
cut. 

Thrift 
pilfs  re- 
moved. 

MUes 
run. 

2,184 

1,079 

0 

3.172 

The  act  of  September  10,  189(>,  diret^ts  that  with  certain  8pei*Jfied«BX- 
ceptions  the  appropriation  be  exjxMided  by  the  Secretary  of  War  "  in 
the  systematic  iminovement  of  the  river  from  it^  mouth  up,  according 
to  the  plans  and  specifications  of  the  Missouri  River  Commission,  to  be 
approved  by  him  in  reaches  t<o  be  desigiiat^nl  by  them.'' 

In  compliance  with  the  provisions  of  this  act,  the  Commission  recom- 
mended that^  for  purposes  of  systematic  iini>rovement,  the  Missouri 
River  between  Sioux  City  and  the  mouth  be  divided  into  the  following 
reaches: 

Miles. 

First  reach,  month  of  river  to  Osage^  River 137 

Second  reach,  Osage  River  to  Grand  River 110 

Third  reach,  Grand  River  to  Kaw  River 131 

Fourth  reach,  Kaw  River  to  Nemaha  Ri ver US 

Fifth  reach,  Nemaha  River  to  PlattrO  River 105 

Sixth  reach,  Platte  River  to  Sioux  C'ity 162 

They  also  re^^ommended  that  the  improvement  of  the  First  Reach  be 
first  undertaken. 

These  recomnu^ndations  have  heeu  «i)|)roved  by  the  Secretary  of  War, 
and  i)reparation8  are  being  made  to  Iw^gin  work  near  the  mouth  of  Osage 
River  as  soon  as  the  water  falls  sufficiently. 

The  Commission  accept  this  latest  legislation  of  Congress  as  an  ex- 
pression of  their  intention  that  the  systematic  improvement  of  the  river 
for  purposes  of  navigation  shall  be  proseiuited  to  8[)eedy  cx)mpletion. 
The  Commission  have  therefore  com^entrated  on  this  work  all  the  melius 
at  their  command,  reserving  for  outside  work  only  such  sums  as  were 
absolut<*ly  needed  to  prevent  the  serious  deterioration  or  destruction  of 
work  alreiidy  ex(H5uted.  These  drains,  however,  were  so  hea^vy  that  the 
sum  allotted  to  the  First  Reach  is  a  small  one,  in  view  of  the  impor- 
tance of  a  rai)id  prosecution  of  the  work,  more  e^i>eciaJly  on  ac- 
count of  the  failure  to  piiss  a  river  and  harbor  bill  at  the  last  session  of 
Congress. 

The  Commission  respectfully  represent  that  in  a  work  of  tins  magni- 
tude the  possibility  of  rapid  execution  is  of  the  greatest  importance, 
not  only  to  secure  early  beneficial  results,  but  also  to  increase  the  facil- 
ity and  economy  of  construction.  The  Commission  have  no  doubt  that 
the  river  can  be  successfully  improved  so  as  to  meet  all  reasonable  de- 
mands of  commerce;  but,  to  do  this,  ample  means  will  be  required  to 
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insure  continuous  work  free  from  vexatious  and  expensive  interrup- 
tions and  suspensions.    The  following  estimates  are  submitted : 

Estinmtes  for  cantinuing  tcorJcJt  of  improvement  for  the  fiscal  year  ending 

June  30j  1893. 

Salaries  of  Commi86ioii«  office  and  traveliu^  expenses,  surveys  and  ob- 
Bervations,  ^uges.  etc $100, 000. 00 

Improving  Missouri  River  between  Sioux  Cifcy  autl  the  moutb  of  the 
river 3,000,000,00 

Total 3,100,000.00 

Money  statement, 

July  1,  1890,  balance  unexpended $232, 023. 89 

Amount  appropriated  by  act  approved  September  19,  1890 800, 000. 00 

Cash  received  from  overpayments  refunded 10. 75 

1, 032, 034. 64 
June  30,  1891,  amount  expended  during  fiscal  year 280, 331. 49 

Julv  1,  1891,  Wance  unexpended 751, 703. 15 

July  1,  1891,  out«tanding  liabilities 38,982.48 

July  1,1891,  balance  available 712,720.67 

Resi)ectftilly  submitted. 

Ohas.  R.  Suter, 

Lieut:  Col.  of  Engineers^ 
President  Missouri  River  Commission, 
A.  Mackenzie, 

Major  of  Engineers, 
Garland  C.  Broabhead. 
Richard  S.  Berlin. 

I  concur  in  the  foregoing  report,  except  as  to  the  entiniate  of  $3,000,000 
for  carrying  on  the  works  during  the  fiscal  year  ending  June  30,  1893. 
In  my  judgment  the  regular  annual  expenditure  of  $1,000,000  is  all  that 
should  be  undertaken  until  the  Commission  is  able  to  submit  an  esti- 
mate, which  shall  be  reasonably  accurate,  of  the  final  cost  of  the  whole 
improvement.  As  stated  in  it«  first  report,  *'  the  question  of  cost  must 
be  determined  by  actual  trial.  *  *  *  The  trial,  to  be  really  demon- 
strative, must  be  undertaken  with  ample  means  and  followed  up  with- 
out intermission  for  several  years,  over  a  continuous  piece  of  river,  the 
length  of  which  must  be  considerable."  The  laws  under  which  the 
Commission  has  been  acting  have  not  as  yet  permitt^  them  to  make 
this  demonstrative  trial. 

O.  H.  Ernst, 
Major,  Corps  of  Engineers j  Colonelj  U.  S,  A, 

The  Secretary  of  War. 

(Through  the  Chief  of  Engineers,  U.  S.  A.) 
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Con$oUdated  •tatemeni,  July  6, 1884,  to  June  SO,  1891, 

Actof  JnlyB,  1884 1 $640,000.00 

Act  of  August  5, 1886 375,000.00 

Act  of  August  11, 1888 1,000,000.00 

"Act  of  February  22, 1890 ^ • 75,000.00 

Act  of  September  19, 1890 ? •-...  800,000.00 

Total  specific  appropriations 2,890^000.00 

Balances  from  former  appropriations : 

Act  of  August  2, 1882,  applied  to  works  above  Sioux 
City,  Iowa $4,000.00 

Snrvev  Missouri  River  from  mouth  to  Fort  Benton. ..         8, 844. 89 

Act  of  August  5, 1886,  applied  to  removing  obstruc- 
tions from  Biissouri  River 1,982.80 

'     Total  balances 14^827.19 

Received  from  sales  and  deposits 996. 42 

Total  available 2,905,763.61 

Expended ', 2,154,060.46 

Unexpended  balance  June  SO,  1891 751,708.15 

Outstanding  liabilities  June  30, 1891 88,982.48 

Balance  available  July  1, 1891 712,730.67 


IMi  of  civilian  engineen  employed  on  work  of  river  and  harbor  improvemoni  in  ekarge  of 
Missouri  River  Commission  from  Julyl,  1890,  to  June  SO,  1891,  inclusive,  under  the  river 
and  harbor  acts  of  July  6,  1884,  (survey  of  Missouri  River  above  Missouri  River  Falls, 
Fori  Benton,  Mont,  August  11, 1888  (improving  Missouri  River),  and  Septeniber  19, 
1890  (improving  Missouri  River  from  its  mouth  to  Sioux  City,  Iowa). 


Kame  and  residenoe. 


5.  Waters  Fox,  St.  Joseph,  Mo i 

Sanmsl  H.  Yos^,  Kiknsas  City,  Mo 

6.  A.  Marr,  St.  Loals,  Mo 

O.  B.  Wheeler,  St.  Lonia,  Mo i 

J).  W.  WeUman,  St.  Louis,  Mo 

Cliarles  F.  Potter,  Omaha,  Nehr 

^amea  A.  Seddon,  St.  Louis,  Mo 5 

A.  H.  Blaiadell,  St.  Louis,  Mo 

P.  M.  Tower,-Detroit,  Mich 

B.  A.  Crawford,  Kansas  City,  Mo... 

J.  C.  Meredith,  Kehraska  City,  Kehr^. 

A.  H.  Weher,  Kansas  City,  Mo 

B.  H.  Baoot,  Kansas  City,  Mo 

Ed.  Jones,  Omaha,  Kebr < 

A.  N.  Darrow,  St.  Louis,  Mo 

0.  H.  B.  Turner,  St.  Louis,  Mo J 

1.  D.  MoKown.  St.  Louis.  Mo i 

V.  Sohindler,  St.  Louia,  Mo 


Time 

Compen- 

employed. 

sation  per 
month. 

Mo§.  Day§. 

2 

0 

$250.00 

10 

0 

200.00 

2 

0 

250.00 

10 

0 

200.00 

1 

2 

250.00 

6 

18 

225.00 

6 

15 

200.00 

4 

0 

225.00 

8 

0 

200.00 

11 

9 

200.00 

12 

0 

200.00 

7 

*m 

200.00 

2 

19 

125.00 

12 

0 

200.00 

2 

0 

175.00 

1 

0 

162.60 

1 

2 

137.60 

8 

8 

125.00 

0 

8 

100.00 

11 

0 

150.00 

2 

18 

150.00 

6 

18 

125.00 

0 

14 

150.00 

8 

28 

125.00 

1 

0 

150.00 

8 

0 

125.00 

8 

0 

75.00 

1 

0 

137.60 

8 

0 

125.00 

3 

0 

110.00 

1 

11 

125.00 

7 

24 

100.00 

4 

U 

125.00  1 

Where  employed. 


St.  Joseph,  Mo. 

Bo. 
Kanaas  Cily,  Mo.        * 

Do. 
In  the  field. 

Bo. 
St.  Louia,  Mo. 
In  the  field. 
St.  Louis,  Mo. 

St.  Louis,  Mo.,  and  in  the  field. 
Omaha,  ^ehr. 
St.  Louis,  Mo. 

Bo. 

Bo. 
In  the  field  and  at  St.  Louis,  Mo. 
Kanaas  City,  Mo.,  and  la  tlia  field. 

Bo. 

Bo. 

Bo. 
Nebraaka  City.  Xehr.,  a&dlathefit 
In  the  field  and  at  Kansas  City,  Mi 

Bo. 

Bo. 
Kansas  City,  Mo. 
Omaha,  Nebr.,  and  In  the  field. 

Bo. 

Bo. 
Kansas  City,  Mo. 
St.  Louis,  Mo.,  and  in  the  field. 

Bo. 
In  the  field. 

St.  Tx)ui8,  Mo.,  aad  la  tta  field. 
St.  Louia,  Mo, 
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m 

List  of  civilian  engineers  employed  on  work  of  river  and  harhor  iinprovement  in  charge  of 

M%99oiri  Ewer  Commieaion,  etc.— Oontinued. 


ISTame  Mid  residenoe. 


JR.  A.  B.  Parker,  Nebraska  City,  Nebr.  i 

K.  T.  Grady,  St.  Lonis.  Mo 

B.  C.  Collier,  Kansas  City,  Mo 

C.  W.  Williams,  SL  Charles,  Mo 

E.D.  Williams,  St.  Louis,  Mo | 

T.  a  Thomas,  ViclLsburg.  Miss 

J.  L. Sanders,  St. Louis,  Mo 

J.W.  Woennaiui,  Milan,  111 

U.  B.  Abry,  Leaven vortb,  Kans 

S.  W.  Benedict,  St.  Joseph,  Mo 

Trmnk  Y.  Potter,  St  Joseph,  Mo i 

W.  C.  ft<in™«w,  E^ansas  City,  Mo 

C.  H.  McClelland,  Kansas  City,  Mo. . . . 

Wm.  H.  Brickson,  Omaha,  Nebr 

Konrad  Miller,  Kansas  City,  Mo 

S.  S.  Paokaid,  Omaha,  Nebr 

G.  T.  Nelles,  Leavenworth,  Kana 

Chas.  A.  Sheppard,  Omaba,  Nebr 

Wm.  Brown,  Omaha,  Nebr 

C.  HorUm  Ayers,  St  Joseph,  Mo 

H.  B.  Pardvell,  St.  Joseph,  Mo 

L.  Y.  Kerr,  Independence,  Mo 

K.  L.  Faris,  Washington,  B.  C 

John  H.  Field,  St.  Lonis,  Mo 

W.  B.  Hassen,  St.  Joseph,  Mo 

WHi  T.  Morton,  Piedmont,  Ala 

W.G.Potter,  Omaha,  Nebr 


Time 
employed. 

Conipen- 

SHliou  per 
month. 

Where  employed. 

Mo§.  Dayg. 

1 

0 

$126.00 

At  Omaha,  Nebr.,  and  in  the  flcl<l. 

1 

20 

100.00 

Do. 

7 

18 

125.00 

St.  Louis.  Mo.,  and  in  the  field. 
In  the  field. 

•      0 

2ii 

120.00 

3 

23 

100.00 

Do. 

6 

0 

100.00 

St.  Louis,  Mo.,  and  In  the  field. 

1 

0 

90.00 

Do. 

3 

1 

100.00 

In  tho  field. 

6 

10^ 

100.00 

Do. 

2 

18 
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Appkndix  a. 

annual  report  op  secretary  missouri  river  commib8iqn,  1891. 

Office  Missouri  River  Commission, 

St.  Louis,  Mo.,  June  SO,  1891. 

Sir  :  I  liaye  the  honor  to  Hubmit  the  following  annual  report  of  the  work  in  charge 
of  the  secretary  of  this  Commission  ^'or  the  fiscal  year  ending  June  30,  1891. 
Very  respectfully,  your  obedient  servant, 

James  C.  Sanford, 
First  Lieutenant  of  Engineers,  Secretary, 

Lieut.  Col.  Chas.  R.  Suter, 
Corps  of  Engineers,  U.  S.  A,, 

President  Missouri  River  Commission, 


surveys. 

The  authority  of  the  Secrc^tary  of  Wnr  for  the  expenditure  of  the  $15,000  appropria- 
id  by  act  of  Congrosft  »]>pn)ved  .July  .5,  18X4,  for  "  survey  of  the  Missouri  Kiver 
jnve  the  Missouri  Falls,  at  Fort  Heuton,''  was  given  June  30, 1890,  and  preparations 
T  the  above  survey  were  at  once  begun.  Assistant  Engineer  G.  A.  Marr  was  placed 
charge  of  the  field  work,  and,  with  the  greater  portion  of  his  party,  reached  Gal- 
tin,  Mont.,  July  13. 

rhe  work  to  be  done  was  to  make  a  complete  survey  of  the  Missouri  River,  in- 
iding  secondary  triangulation,  topography,  hydrography,  and  the  establishment, 
permanent  bench-marks  from  the  Three  Forks  (near  Gallatin),  where  the  Biis- 
•ari  is  fonned  by  the  confluence  of  the  Jefferson,  Madison,  and  Gallatin  rivers,  to 
rt  Benton,  Mont., excepting  such  portions  of  the  work  as  were  included  in  the  snr- 
7  made  in  1880  from  Stubbs  Ferry  to  Sun  River,  by  Capt.  £dward  Maguire,  Corps 
Engineers.    The  river  distance  to  be  covered  waa  about  256  miles.    Or  this,  about 
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131  miles  were  between  Stiibbs  Ferry  and  Sun  River,  on  wbieh  portion  the  topog- 
raphy and  hydrography  "^'ere  to  b^  omitted. 

Two  quarter-boat  hulls  were  constructed  at  Gallatin  by  the  party,  in  accordance 
with  plana  prepared  at  this  office.  Upon  these,  tents^  made  to  order  at  St.  Louis, 
were  set  up.  The  boats  answered  their  purpose  admirably,  being  comfortable,  of 
light  draft,  and  comparatively  inexpensive.  The  arrangement  is  strongly  to  be  rec- 
ommended for  similar  work. 

The  field  work  of  the  survey  began  at  the  same  time  with  the  eonstmction  of  tiie 
quarter  boats.  A  base  line  4,800  feet  long  was  measured  near  Gallatin  three  tiines, 
with  good  results.  Observations  for  azimuth  at  the  Gallatin  base  were  made  on  four 
nights.    Twenty  sets  of  observations  were  made  for  approximate  latitude. 

On  reaching  Great  Falls,  41  miles  above  Fort  Benton,  the  quarter  boats  were  aban- 
doned and  the  work  carried  on  from  camps,  the  quarter  boat  tents  being  used  to 
shelter  the  ^arty.  Fort  Benton  was  reached  December  19.  and  the  season's  work 
connected  with  that  which  had  previously  been  done  from  Fort  Benton  down. 

The  instruments  used  for  the  secondary  triangulation  were  the  Troughton  and 
Rimms  No.  2^  10-inch,  theodolite,  and  the  Gambey  No.  1,  lO^inch,  of  the  MissiBsippi 
River  Commission.    The  latter  instrument  was,  howevei^  used  for  only  two  slations. 

Full  details  of  the  season's  work,  as  well  as  of  the  reduction  in  the  office,  both  of 
this  work  and  of  his  secondary  triangulation  work  of  1889,  will  be  found  in  Mr. 
Marr's  report  (Appendix  A  2). 

At  the  beginning  of  the  fiscal  year  a  survey  part;^  under  Assistant  Engineer  O.  B. 
Wheeler  had  be^un  work  near  Sioux  City,  Iowa,  with  a  view  to  closing  the  gw  in 
the  secondary  triangulation  between  Sioux  Cit^,  at  which  point  the  worK  of  1^9  had 
terminated,  and  Fort  Leavenworth,  Kans.,  a  river  distance  of  385  miles.  From  Fort 
Benton  to  Sioux  City,  and  from  Fort  Leavenworth  to  the  mouth  of  the  river,  the  tri- 
angulation had  been  completed  in  previous  years.  Locations  for  the  stations  between 
it^ioux  City  and  Fort  Leavenworth  had  also  been  selected  b^  a  reconnoitering  party  in 
the  fall  of  1888,  and  most  of  the  lines  of  observation  were  cleared  during  tne follow- 
ing winter. 

The  two  quarter  boats,  Nos.  5  and  6,  that  had  been  used  in  1889  by  Aasistant 
Wheeler  above  Bismarck,  N.  Dak.,  were  employed  for  the  transportation  of  the 
party. 

A  base  line  2^  miles  in  length  was  measured  near  Blair,  Nebr.,  on  two  successiYe 
evenings,  the  results  differing  only  0.08  of  an  inch.  Between  Sioux  City  and  Blair 
the  work  had  depended  on  the  measurement  in  1889  of  the  Running  Water  base,  125 
miles  above  Sioux  City.  Azimuth  observations  were  made  on  four  nights  for  the 
Blair  base,  the  first  night's  work  having  been  rejected  on  account  of  unfavorable  con- 
d  it  ions. 

The  instrumeQts  used  were  the  Troughton  &  Simms  non-repeating  10-inch  theodo- 
lite No.  1  and  their  12-inch  repeating  theodolite,  which,  however,  was  used  as  a  non- 
repeater. 

The  party  reached  Fort  Leavenworth  October  22,  having  completed  the  field  work ; 
and  the  quarter  boats  used  were  floated  down  to  winter  quarters  at  the  Quindaro 
boat  yard. 

Full  details  of  the  season's  work  will  be  found  in  Mr.  Wheeler's  report  (Appendix 
A  3) ;  also  of  the  office  reduction  of  this  work,  and  of  the  secondary  triangulation 
work  of  1889  between  Trover  Point,  Mont.,  and  Bismarck,  N.  Dak. 

llie  secondary  trianenlation  is  now  completed  over  the  whole  length  of  the  river. 
Tables  giviiig  the  results  of  the  secondary  triangulation  of  1885  from  Fort  Bentciu  to 
Trover  Point  were  published  in  the  Commission's  annual  report  for  1886 :  but  the 
latitudes  and  longitudes  were  stated  to  be  approximate,  as  they  depended  only  on 
an  approximate  determination  of  the  latitude  and  longitude  of  the  nag-staff  at  Fort 
Benton,  made  in  1874  by  the  Northern  Boundary  Survey.    The  work  having  now 
been  brought  down  to  connect  with  that  of  1886-'87,  which  was  based  on  the  lati- 
tude and  longitude  of  the  Morrison  Observatory  at  Glasgow,  Mo.,  the  above  results 
of  1885  have  been  corrected  so  as  to  depend  on  the  Glasgow  determination,  and  are 
published  herewith  as  corrected  (Appendix  A  4),  together  with  plats  of  the  triangu- 
lation and  descriptions  of  stations.    Final  results  of  the  secondary  triangulation 
from  Three  Forks  to  Fort  Benton,  and  from  Trover  Point  to  Tort  Leavenworth,  n 
likewise  published  in  the  same  appendix,  with  plats  of  the  triangulation  and  d 
scriptions  of  stations.    Tables  of  bases  and  of  azimuths  are  also  inclnded.    The  r 
sultA  of  the  secondary  triangulation  from  Fort  Leavenworth  to  the  mouth,  havi 
been  published  as  final  in  the  Commission's  annual  report  for  1887,  are  not  repi 
lished.    I  take  pleasure  in  acknowledging  the  ver^  valuable  services  of  Assistai 
-W^heeler  and  Marr,  under  whose  immediate  direction  the  whole  of  this  importa 
work  of  secondary  triangulation  has  been  carried  out. 

The  topographical  party  under  charge  of  Lieutenant  Chittenden,  which  beg 
work  at  Coal  Banks,  Montana,  in  May^  1890 — ^the  distance  from  Fort  Benton  to  O 
Banks,  40  miles,  having  been  covered  m  1889 — continued  work  through  the  seas 
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and  at  its  close  had  reached  Wolf  Point,  Mont.,  395  miles  below  Fort  Benton. 
Shortly  after  their  retnm  to  the  Omaha  office  the  work  was  transferred  to  Capt. 
Chas.  F.  Powell,  "Corjps  of  Enjifineers,  under  whose  direction  the  platting  of  the  field 
notes  has  since  continued.  The  topographical  survey  of  the  river  has  thus  &r  cov- 
ered the  portion  between  Three  Forks  and  Wolf  Point,  ^1  miles,  and  between 
Pierre,  8.  Dak.,  and  the  mouth,  1,17X  miles,  leaving  a  gftp  of  about  700  miles  between 
Wolf  Point  and  Pierre. 

Soon  after  the  passage  of  the  appropriation  act  of  September  19,1890,  the  Commis- 
sion decided  on  making  a  new  shore-line  survey  of  tiie  river  from  Sioux  City  to 
the  mouth.  Since  the  topo^aphical  survey  Of  1878  and  1879  was  made,  numerous 
and  important  changes  in  shore  line  have  occurred ;  so  that  the  published  maps  of 
that  survey  have  become  quite  unreliable  as  to  the  present  shore  line.  With  a  view 
to  completing  the  work  before  the  river  should  be  closed  by  ice,  the  division  en- 
gineers were  directed  to  organize  partios  as  quickly  as  possible  and  make  the  pro- 
posed survey  between  the  limits  of  their  respective  divisions.  In  this  way  four 
Sarties  were  at  once  put  in  the  field,  two  parties  being  required  for  the  Kansas  City 
ivision.  Two  additional  parties  were  afterward- made  up,  mostly  from  the  partiei» 
on  the  Omaha  and  St.  Joseph  divisions — who  had  been  the  first  to  complete  their 
work — in  order  to  assure  the  completion  of  work  on  the  Kansas  City  division  before 
the  close  of  navigation.  The  whole  distiince  from  Sioux  City  to  the  mouth,  803 
miles,  excepting  a  few  reaches  on  which  recent  special  surveys  supplied  the  desired 
information,  was  covered  in  about  15  weeks.  The  field  notes  of  the  several  parties 
were  afterward  platted  in  the  offices  of  their  respective  divisions,  and  the  maps — ^27 
in  aU — sent  to  this  office.  The  large  amount  of  topog:raphical  informatipn  in  posses- 
sion of  this  office,  and  derived  firom  the  survey  of  1878-79  and  from  special  surveys 
in  recent  years,  is  being,  so  far  as  applicable,  transferred  to  these  maps.  Further 
details  regarding  the  ^ore-line  survey  are  given  in  the  reports  of  the  Division  En- 
gineers (Appen£ces  A  5,  A  6,  and  A  7). 

Special  topographical  surveys  were  made  during  the  year  at  the  following  looali-' 
-ties: 

Harbor  at  Omaha,  Kebr. 

From  Miami,  Mo.,  to  3  miles  below  Grand  River. 

Between  Kansas  City,  Mo.,  and  Wellington,  Mo.,  examination  of  railroad 
dikes. 

Kansas  River  at  three  bridge  crossings,  Kansas  City,  Kans. 

From  mouth  of  Kansas  River  to  Hannibal  and  St.  Joseph  Railroad  Bridge^ 
Kansas  City,  Mo. 

Reef  at  Sibley  Bridge,  Mo. 

Between  Bee  Creek,  Mo.,  and  Fort  Leavenworth  Bridge,  Missouri  and  Kansas. 

Vicinity  of  mouth  of  Osage  River,  Mo. 

PERMANENT  LEVEL  BENCH-MARKS. 

During  the  year  the  system  of  permanent  bench-marks  in  lines  adopted  by  the 
Commission  has  been  extended  from  near  Fort  Leavenworth,  Kans.,  to  Sioux  City, 
Iowa,  a  distance  of  384  miles.  The  field  party,  under  Assistant  Engineer  D.  W. 
Wellman,  began  work  at  Sioux  City  July  3,  1890,  and  ended  at  Fort  Leavenworth 
November  4.  The  party  was  subdivided  into  a  locating  party  and  a  level  party, 
each  party  having  one  quarter  boat  for  its  transportation — (juarter  boats  Nos.  7  and  8, 
whicnhad  been  used  during  the  previous  year  on  secondary  triangulation  above  Sioux 
Citv.  On  account  of  the  great  width  of  the  valley  between  Sioux  City  and  Omaha, 
and  the  shifting  character  of  the  river  in  this  portion,  necessitating  unusual  length 
of  lines,  the  level  party  as  at  first  organized  was  unable  to  make  as  rapid  progress 
as  the  locating  party.  For  this  reason  an  additional  level  was  added  August  1. 
The  secondary  triangulation  party  was  in  advance  of  the  bench-mark  party  through- 
oat  the  whole  distance  covered,  and  the  bench-mark  lines  were  in  nearly  every  case 
connected  with  the  triangulation. 

As  stated  in  last  year's  annual  report  the  bench-mark  lines  had  previously  been 
put  in  force  from  Iowa  Point,  Kans.,  to  Atchison,  Kans.,  a  distance  of  78  miles,  but 
had  not  been  connected  with  the  triangulation.  This  connection  was  made  by  As- 
sistant Wellman's  party .  Search  was  made  also  for  many  of  the  bench-marks  of  1880 
and  1881  on  this  portion  of  the  river,  and  developed  the  fact  that  all  of  those  above 
Omaha  had  disappeared  or  been  rendert^d  uurcdiable ;  below  Omaha,  however,  a 
oonsiderable  number  of  them  remain  in  good  coudition-.  The  party  on  reaching 
Fort  Leaven  worth  connected  their  work  with  the  system  previously  established  be- 
tween that  point  and  the  mouth  of  the  river.  The  two  quarter  boats  were  then 
floated  down  to  the  Qnindaro  boatyard,  and  left  in  care  of  a  watchman.  Full  de- 
ralU  of  the  season's  work,  with  tables  giving  descriptions  and  elevations  of  the 
bench-marks  established  oy  the  party,  will  be  found  in  Mr.  Wellman's  report  (Ap- 
pendix A  8). 
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The  topographical  party  under  Licutouaut  Chittenden;  workins  down  from  Coal 
Banks,  Montana,  extended  from  Trover  Point,  Montana,  to  Woli  Point,  Mont.,  157 
miles,  the  hench-mark  system  that  had  previously  been  put  in  from  Fort  Benton  to 
Trover  Point. 

By  the  work  ot  these  two  parties  541  miles  of  river  were  covered  during  the  sea- 
son. Six  hundred  and  fifty-seven  had  been  covered  in  previous  years,  so  that  the 
system  now  extends  along  1,198  miles  of  river.  There  still  remains  a  gap  of  about 
1,050  miles  between  Wol^oint  and  Sioux  City. 

In  connection  with  the  survey  made  la«t  season  by  Assistant  Marr  from  Three 
Forks,  Montana,  to  Fort  Benton,  256  miles,  a  series  of  permanent  bench-marks  were 
established  and  connected  by  check  levels.  As  the  region  covered  by  this  survey  is 
for  the  most  part  mountainous  and  the  bed  of  the  river  stable,  it  was  not  considered 
advisable  to  put  in  the  usual  lines  of  bench-marks  across  the  river  valley,  this  sys- 
tem being  designed  only  for  alluvial  valleys  in  which  the  position  of  the  river  is  lia- 
ble to  firequent  changes.  In  most  cases,  however,  it  was  round  advantageous  to  use 
the  form  of  bench-mark  stone  and  pipe  adopted  by  the  Commission  for  the  alluvial 
section.  A  table  giving  descriptions  and  elevations  of  these  bench-marks  is  in- 
cluded in  Mr.  Marrs  report  on  the  survey. 

GAUGS8  AND  PHYSIGAJL  DATA. 

At' the  beginning  of  the  fiscal  year  twenty- three  gauges  were  maintained  by  the 
Commission.  Three  new  gauges  were  established  early  in  the  year  above  Sioux 
City,  but  their  maintenance  has  now  been  transferred  to  Captain  Powell.  During 
the  winter  the  gauges  at  White  Cloud,  Kans.,  St.  Joseph  pump-house,  Missouri^  and 
Randolph,  Mo.,  were  discontinued,  as  being  in  close  proximity  to  other  gauges 
more  favorably  located.  The  gauges  mentioned  were  not  discontinued,  however, 
until  the  slope  at  various  stages  had  been  carefully  determined  between  them  and 
the  nearest  gauge.  As  the  Commission  had  maintained  but  one  ^auge  below  the 
mouth  of  the  two  important  tributaries,  the  Osa^e  and  Gasconade  nvers,  and  as  this 
gauge  was  80  miles  below  the  lower  of  these  tributaries,  a  gauge  was  established 
in  May,  1891,  at  Cole  Creek,  Missouri,  about  2^  miles  below  Sie  mouth  of  the  Gas- 
conade and  3^  miles  above  Hermann,  Mo.  At  the  same  time  a  ^auge  was  estab- 
lished in  the  same  location  as  the  Signal  Service  at  Hermann,  and  will  be  maintained 
until  the  slope  at  various  stages  between  it  and  the  Cole  Creek  gauge  has  been 
determined. 

All  the  Commission's  gauges  are  read  twice  daily  and  the  results  sent  to  this  office 
on  weekly  gauge-cards.  Tlie  readings  are  then  platted  on  hydrographs,  by  which 
means  any  serious  errors  are  readily  detected. 

The  gauges  in  each  division  are  inspected  and  tested  monthly  by  the  respective 
division  engineers  and  reports  of  the  inspections  forwarded  to  this  office. 

During  the  year  a  tabulation  of  the  mean  daily  stages  of  the  river  between  the 
mouth  and  Sioux  City,  Iowa,  for  the*  years  1886-1889  has  been  printed  in  pamphlet 
form. 

A  more  complete  description  of  the  ^ange  work  during  the  year,  as  well  as  plans 
showing  the  forms  of  gauges  in  use,  will  be  found  in  the  report  of  Assistant  Engi- 
neer A.  H.  Blaisdell  (Appendix  A  9).  Accompanying  this  report  are  also  given 
tables  and  drawings  showing  the  mean  daily  stage  and  discharge  of  the  Missouri 
River  for  12  years,  1879-1890;  at  St.  Charles,  Kansas  City,  and  Sioux  City,  also  mean 
monthly  stage  and  discharge  for  the  same  period  and  the  same  points,  showiAg  also 
the  annual  means ;  also  total  discharge  for  the  same  ])eriod  and  localities. 

Assistant  Engineer  James  A.  Seddon  has  been  engaged  during  a  part  of  the  year  in 
a  study  of  the  physical  data  in  the  possession  of  this  office,  during  which  time  he 
has  completed  tne  first  general  study  ofthe  Missouri  River  discharge  and  gauge  data. 
In  his  report  on  this  work  (Appendix  A  10)  he  gives  the  method  followed  in  the 
investigation,  and  the  results  obtained — the  equivalent  gauge  relations  from  Sioux 
City  to  St.  Charles:  a  tabulation  of  the  standard  discharge  curves  at  Sioux  City, 
Kansas  Citj,  and  St.  Charles ;  with  a  plate  showing  all  the  discharge  observations 
at  those  points,  and  the  mean  curves  determined  for  them. 

Following  this  study,  he  was  engaged  in  determining  the  mean  discharges  from 
1879  to  1890  at  Sioux  City,  Kansas  City,  and  St.  Charles,  to  accompany  the  mean 
gauge  readings  made  up  for  those  points  (see  Appendix  A  9).  The  method  followed 
consisted  in  scaling,  on  standard  curves,  discharges  for  each  day,  as  a  first  approxi- 
mation, and  then  applying  at  times  a  further  correction  to  these  values,  from  a. 
comparison  of  the  variation  in  volume,  from  point  to  point  down  the  river;  from 
these  corrected  values  the  means  were  made  up. 

He  is  now  engaged  in  a  more  careful  study  of  gauge  relations,  and  'the  conclu- 
sions that  may  be  reached  from  them. 
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COMMERCIAL  STATISTICS. 

An  effort  has  been  made  to  obtain  as  complete  statistics  as  possible  of  the  amount 
of  commerce  on  the  Missouri  River  between  Sioux  City  and  the  mouth,  for  the  cal- 
endar year  1890. 

Lists  of  the  steamers  enrolled  at  the  custom-houses  at  St.  Louis,  Mo.,  Kansas  City, 
Mo.,  St.  Joseph,  Mo.,  and  Omaha,  Nebr.,  were  first  obtained  from  the  surveyors  of 
customs  at  those  ports.  The  lists  included  the  names  and  addresses  of  the  owners, 
and  to  each  of  these  a  circular  was  sent  asking  the  amount  of  business  done  by  his 
boat  during  the  year.  The  replies  to  these  circulars,  while  usually  satisfactory, 
were  not  always  sufficiently  deiinite,  and  in  such  cases  the  owners  were  visited  in 
person.  In  a  number  of  cases  the  boats  no  longer  ply  on  the  Missouri,  and  it  was 
impossible,  the  time  beins  limited,  to  reach  the  owners ;  and  in  many  other  cases 
the  figures  given  are  merely  estimates,  as  the  owners  had  no  detailed  record  of  their 
business.    The  results  obtained  are  appended  (Appendix  A  1 ). 

ESTIMATES. 

Office  and  traveling  expenses  and  salaries  of  Commission $20, 000 

Surveys  and  observations 50, 000 

Physical  data  and  publications 20, 000 

Ganges I..  10,000 


Total 100,000 


Appendix  A  1. 

beport  on  the  commkho:  os  missouri  river  during  year  1891. 

Office  Missouri  River  Commission, 

St.  Louis,  Mo,,  June  SO,  1891, 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  commerce  of  the  Mis- 
souri Kiver  between  its  mouth  and  Sioux  City,  Iowa,  durine  the  calendar  year  1890: 
FoUo^'ing  the  same  method  as  was  employed  last  year,  lists  were  first  obtained 
£rom  the  surveyors  of  customs  at  St.  Louis,  Mo.,  Kansas  City,  Mo.,  St.  Joseph,  Mo., 
and  Omaha,  Nebr.,  giving  the  names  of  all  steamboats  enrolled  at  these  points  in 
1890,  and  believed  to  be  plying  on  the  Missouri  River  in  that  year;  giving  also  the 
names  and  addresses  of  the  owners,  and  various  detailed  information  regarding  the 
boats,  all  of  which  is  included  in  the  tables  accompanying  this  re{)ort.  A  circular 
was  then  sent  to  each  steamboat  owner,  requesting  answers  to  certain  questions  con- 
cerning the  business  done  by  Ms  boat  during  tiie  year.  To  most  of  these  circulars 
replies  were  received,  but  were  frequently  so  indefinite  that  considerable  further 
correspondence  became  necessary,  and,  in  a  number  of  instances,  personal  investiga- 
tion was  required. 

There  are  manv  lines  of  short  trade  on  the  Missouri  where  small  steamers  ply  in 
the  interests  of  tne  railroads,  and  this  trade  in  the  aggregate)  is  lar^e.  It  is  also  very 
difficult  to  obtain,  and  a  personal  visit  to  the  boat  owners  does  not  always  result  in 
securing  more  than  a  rough  estimate  of  the  amount  actually  carried,  as' frequently 
no  detailed  records  of  the  boat's  business  are  kept. 

Some  oases  were  discovered  where  a  steamboat  having  a  license  to  ply  on  the 
<^  Mississippi  River  and  tributaries/'  but  not  enrolled  at  the  custom-house  at  St. 
iouis  or  any  of  the  Missouri  River  ports,  came  into  the  river  during  the  grain-shin- 
ing season,  made  a  few  trips,  and,  whon  the  trade  slackened,  left  for  a  distant  trade 
^here  communication  with  her  was  practically  impossible.  A  few  of  the  steamboats 
n  the  aocompanying  enrolled  lists  have  also  left  the  Missouri  Rivei  for  some  distant 
rade. 

The  totals  obtained  can^  therefore,  on  account  of  unavoidable  incompleteness  and 
le  &eq[uent  necessity  of  estimating,  only  be  regarded  as  the  closest  practicable 
pproximation« 
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These  totals  are  for  the  amoant  carried  or  towed  by  steamboats  in  1890  between 
Sioux  City  aud  the  mouth,  including  4,000  tons  lumber  rafted : 

Tons  of  freight 560,557 

Number  of  passengers 284, 000 

The  freight  consisted  mainly  of  grain,  sand,  live  stock,  lumber,  miscellaneous  farm 
produce,  and  general  merchandise. 
The  totals  for  the  entire  river  for  1889  were : 

Tons  of  freight 865,493 

Number  of  passengers 332, 218 

The  falling  off  in  tons  of  freight  carried  is  greater  than  can  be  explained  by  the 
fact  that  the  totals  for  1890  do  not  include  the  commerce  above  Sioux  City.  This 
decrease  appears  to  be  due  chieHy  to  the  extraordinary  stagnation  in  building  en- 
terprises and  business  of  all  kinds  at  Kansas  City,  and  to  the  building  of  ponton 
bridges  at  a  number  of  points  on  the  river,  thereby  diminishing  the  local  trade  by 
water.  The  decrease  below  Sioux  City  was,  it  should  be  said,  altogether  in  com- 
merce of  a  very  local  character ;  while  the  long-distance  trade  showed  quite  an  en- 
couraging increase. 

The  following  table  shows  the  number  and  registered  tonnage  of  Missouri  River 
steamboats  enrolled  at  St.  Louis  and  Missouri  River  ports  below  Sioux  City  for  the 
years  1889  and  1890: 


8t.  Loais,  Mo  — 
KansM  City,  Mo. 
St.  Joseph,  Mo... 
Omaha,  Nebr 


Enrolled  at — 


Total 60 


18S9. 


Xo. 

Tons. 

.Vo, 

18 

1,840.61 

16 

17 

1, 270. 33 

15 

5 

277.82 

5 

10 

504.72 

13 

60 

3,808.28 

49 

1,812.  OS 

1,62&26 

277.68 

1,82».96 


6,046.00 


The  steamers  State  of  Kansas  and  State  of  Missouri^  built  in  the  summer  of  1890  for 
the  Kansas  City  and  Missouri  River  Transportation  Company,  being  enrolled  at 
Louisville,  Ky.  (licensed  to  ply  on  the  Mississippi  River  and  tribntaries),  are  not 
included  in  the  above  table.  As  they  were  built  for  the  Missouri  River  tn^e,  and 
one  of  them  was  engaged  in  that  trade  during  the  latter  part  of  the  year,  their  ton- 
nage — ^1,130  tons  each — should  be  included  in  the  total  lor  1890,  making  it  6,153.28 
tons,  and  making  the  total  number  of  steamboats  52. 

The  steamboats  engaged  in  Missouri  River  trade  are  employed  as  packets,  in  short- 
trip  coasting  trade,  as  towboats,  as  excursion  boats,  or  as  ferryboats.  Nearly  all  of 
them  are  at  different  times  employed  for  a  variety  of  purposes. 

The  rates  of  insurance  on  the  river,  both  for  hulls  and  cargoes,  remained  through 
1890  the  same  as  for  the  latter  half  of  1889.  These  rates  are  so  high  as  to  be  almost 
prohibitory. 

NSW  LINES  OF  TRANSPORTATION  ESTABLISHED  DURING  THE    FISCAL  TEAR   1890-'91. 


The  packet  line  between  St.  Louis  and  Kansas  City,  404  miles,  owned  by  the  Kan- 
sas City  and  St.  Louis  Transportation  Company,  was  fully  described  in  the  Commis- 
sion's last  annual  report  (Annual  Report  Cnlei  of  Engineers,  page  3371).  The  first 
boat  of  this  line  to  be  completed,  the  A.  L,  Mason^  made  her  first  trip  in  Jnly,  1890. 
The  State  of  Kansas  began  running  in  the  following  month.  The  State  of  Missouri 
has  not  yet  entered  the  Missouri  River  trade.  I  am  informed  that  the  amount  of 
business  done  by  this  line  is  steadily  increasing. 

A  small  steamer,  the  RandalU  began  running  in  the  spring  of  1891  as  a  triweekly 
packet  between  St.  Louis  and  St.  Charles,  45  miles.    Her  measured  tonnage  is  44.49. 

Two  small  boats  have  been  built  for  the  short-distance  coasting  trade,  the  St,  Elmo 
and  the  Jumbo^  the  former  plying  between  De  Witt,  Mo.,  and  near  landings,  and  the 
latter  in  the  vicinity  of  Hermann,  Mo.  A  larger  boat,  the  Gasconade,  is  nearly  oonv 
pleted  at  Hermann,  and  is  to  be  employed  in  a  similar  trade  on  the  Missouri  and 
Gasconade  rivers,  in  connection  with  the  Missouri  Pacific  Railroad  at  Hermann. 
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Saoh  parti  onliiTS  as  oonld  be  obtained  in  regard  to  tbe  new  boats  are  given  in  the 
following  table: 


Ifame. 

Di'meneiona. 

Tonnage. 

Owner. 

Length. 

Breadth. 

Depth. 

State  of  KaoMW* 

StoteofliiHAOiiri 

Randall 

Feet. 
252 

252 

92 

57 
107 

57^5 

Feet. 
52 

52 

10 

17.4 

22 

16 

Feet. 
0 

6 

3 

4.1 

3.3 

2.75 

fi.no 

tl.KJO 
t44. 49 
t23 

tuo 

t25 

Kansas  City  and  Missonri  River  Trans- 
I>ortation  Company. 
Do. 
F.  L.  Labarge,  St.  Charles,  Mo. 
S.  B.  Caseholt,  De  Witt,  Mo. 

St.  Elmo 

Gasconade 

Hermann  Ferry  and  Packet  Company. 
Honig  Brothers,  Hermann,  Mo. 

Jumbo  (giutoline) 

*  Full  measarements  of  steamer  A.  L.  Mamm  are  given  in  list  of  steamers  enrolled  at  St.  Louis, 
t  Estimated. 


Very  respectfully,  your  obedient  servant, 


Lieut.  Col.  Charles  R.  Suter, 

Corm  of  Engineers f  U,  S.  A,, 
President  Missouri  River  Commission. 


James  C.  San  ford, 
First  Lieut,  of  Engineers,  Secretary. 


Table  1. — List  of  steamers  plying  on  the  Missouri  River,  in  the  district  of  New  Orleans, 

enrolled  at  the  port  of  St.  Louis j  Mo.,  during  the  year  1890. 


Name. 


Alberts.  WilllB... 

AUoe  Blair 

A.  W.  Ewing 

Benton 

Black  Diamond 

Commodore 

Fawn 

Ban B.  Horlbut ... 

Frederick 

Helena 

H.  W.  Longfellow  . 
John  L.  Ferguson . . 

John  K.  Hugo 

liay  Bryan 

Pin  Oak 

Pinta.* 

Royal 

Statie  Fisher 


Where  built. 


Louisville,  Ky 

Oceola,  Mo 

Osage  City,  Me 

Pittsburg,  Pa 

PortUnd,Mo 

New  Haven,  Mo 

Hermann,  Mo 

Warsaw,  Mo 

Tuscumbia,  Mo 

Pittsburg,  Pa 

Li^e  MinnetoukH.  Minn 

Grafton,  HI 

Evansville,  Ind 

Jeffersonville,  Tnd 

Hermann,  Mo . .  ^ 

Louisiana,  Mo 

Hermann,  Mo 

Jeffersonville,  lud 


Dimensions. 

Date  of 

Year. 

last  in- 

■ 

spection. 

Length. 

Width. 

Depth. 

1890. 

Feet. 

Feet. 

Feet. 

1885 

Mar.  19 

153. 1 

26.5 

3.6 

1890 

June  10 

130 

25 

4 

1878 

Apr.  28 
Aug.  14 

1875 

197 

33 

5 

1886 

May  12 

72.5 

14.4 

2.3 

1890 

June    7 

97 

23.2 

3.2 

1880 

Apr.  28 

91.8 

19.1 

3.4 

1881 

June   1 

62.6 

11 

2.4 

1883 

Apr.  28 

96.4 

14.3 

3 

18J8 

June  28 

194 

33 

4.5 

Itfel 

Aug.  28 

76 

14. 5 

3.7 

1876 

Oct.    27 

111.6 

26.6 

3.6 

1879 

Apr.  28 

127 

20 

3 

1875 

Nov.  25 

115 

28 

4.5 

1888 

Apr.  28 

95 

17.5 

2.2 

1890 

June  13 

43.6 

8.7 

3 

1884 

Apr.  28 

86.6 

24 

3 

1875 

Apr.  11 

122 

28.8 

4.6 

Total 
tonnage. 


Tons. 

132.99 

119.96 
4 

394.08 
18.40 
86.45 
73 

12.92 
82.51 

352.31 
46.89 
79.81 

136.88 

97.40 

48.05 

8.62 

44.82 

106.52 
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Table  1. — List  of  sieamers  plying  on  the  Missouri  Biver,  etc. — Continued. 


Kam€. 


Alberts.  Willis.. 

Alice  BlAir 

A.  W.  Swing 

Senton 

BljMsk  Diamond  — 

Commodore 

Tmwu 

DanB.  Hnrlbut.. 

Prederiok 

Helena 

H.  W.  Longfellow 
John  L.  Ferguson 

John  R.  Hugo 

Hay  Bryan 

Pin  Oak 

.Pinta 

Royal 

Statie  Fisher 


State- 
rooms. 


12 


18 


4 

IC 


Berths. 


24 


36 
6 


Passengers. 


Permit- 
tedto 
oarryt 


I 


36 

8 

66 

16 

no 


18 
32 


9 


28 
62 
85 
20 
40 
50 
20 
20 
20 
25 


First 
cabin. 


10 


30 
6 


Steerase 
or  deck. 


I 


20 


20 
8 
30 
10 
30 
30 


13 
30 


10 


15 
32 
85 
20 
30 
50 
20 
20 
20 
25 


Engines. 


Number. 


2 

2 

1 
•» 

2 
2 
2 


Diameter 

ofoylin 

der. 


IneheM. 

10 
6 

^? 

10 
8 


2 
2 
2 
2 
1 
2 
2 
2 
1 


7 
l^ 

8 
11 

8 
10 

8 

5 

8 
164 


Stroke. 


Feet, 


6 
4 

5' 

3 

4 
2 


I 

4 

3 
5 


Name. 


6 

0 


Albert  S..Wl]lis.. 

Alice  Blair 

A.  W.  Ewing 


Benton 

Black  Diamond . . . 

Commodore 

Fawn 

Dan  B.  Hurlbut . . 

Frederick 

Helena 

H.  W.  Longfellow 

John  L.  Fergnson 

John  R.  Hngo 


Boilers. 


Ft. 
22 


20 
3 

24 

14 

20 
14 


I. 


May  Bryan  . . 

Pin  Oak 

Pinta 

Royal 

Statie  Fisher 


14 

24 

128 

16 

16 

22 

17 

6 

12 

22 


i 


In. 

47 


66 
40 

38 

30 

44 

42 


Fines. 


I 


18 


14 


6 


•1 
^1 


I 


36 
42 
4S 
42 
42 

44 

40 
42 
86 
42 


6 

10 

1 


1 
5 
5 


i 


In. 
9 


6 
13| 


2-12 
4-6 
2-10 
2-12 


I 


CO 


steel. 

Steel. 
Steel. 

Iron. 

Steel. 

^Steel. 
Ilron . 


6 
10 

28 

10 


a-12 
.'MO 


20 

7 

10 


Iron  . 
Steel. 
Iron. 
Iron  . 
Iron . 

Jlron . 

Steel. 
Steel. 
Steel. 
Steel. 


1 


I 
I 


1881 

1890 
1885 

1875 

1886 

1890 
1877 


o 


CO 


Licensed  to  mn  on— 


1883 
1878 


Lto. 
145 


129 
125 

125 

130 

153 

110 


Mississippi     and 
trlbuta^  rivers. 


...do 
.  ..do 

— do 

— do 

...do 

. .  .do 
. .  .do 


Name  and  address  of 

sole  or  managing 

owners. 


150 
159 


1882 

135 

1864 

91 

1882 

119 

1 

1875 

113 

1888 

125 

1890 

120 

1884 

125 

1875 

140 

...do 
...do 
...do 
...do 
— do 


[MiHsoiiri  Uivor,St. 

C  h  a  r  I  o  8  to  lu 

mile8  above  Hor- 

manii. 
Missouri  River  and 

tributaries. 
Missis  s  i  p  p  i  an<l 

tribntazy  rivers. 
— do 

Missouri  River,  50 
miles  above  and 
below  Jefferson 
City. 


St.  Ijonis  and  Missis- 
sippi River  Packet 
Co.jSt.  Louis,  Mo. 

R.  D.  Blair,  Oceola,  Mo. 

C.  C.  Tomer,  St.Lonis, 
Mo. 

RobertRoehrig,  Wash- 
ington, Mo. 

L.'C.  Lohman,  Jeffer- 
son City,  Mo. 
SS.    H.    Schleef,    New 
)    Haven,  Mo. 
S\V.  L.  BLeckman,  Her- 
)    mann.  Mo. 

Henry  Castrop,  West- 
phalia,  Mo. 

Henry  Castrop,  Tus- 
cnmbia.  Mo. 

A.  S.  Brpakf  Wash- 
ington, Mo. 

J  efford  Bros.,  Kingston 
Mines, Peoria  Co.,  Ill . 

Austin  Owen,  St. 
Charles,  Mo. 

R.  M.  Marshall,  Tus- 
cumbia,  Mo. 

Washington  Forry  Co., 
Washuigton,  Mo. 

W.  L.  Heokman,  Her- 
mann, Mo. 

W.  H.Boyd,  Louisiana, 
Mo. 

W.  L.  Heokman,  Her- 
mann, Mo. 

Capital  City  Ferry  Co., 
Jefferaoai  City,  Mo. 
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Tablb  2.^LUt  of  Bteamen  plying  on  fke  MiB$<mr%  Biver,  in  the  distriet  of  New  Orleans, 

enrolled  at  the  port  of  Kaneae  City  during  the  year  1890. 


"Stmb, 


Agxie , 

ATLMmod 

Annie  Ctde 

Annie  Lewla 

ArgentiDA 

CHTie 

CitT  of  Bmnewiok. 

Xdn* 

Hnry  Clyde 

Jennie  Ollohrist... 

Joe.  L.  Stevens 

Knto 

lillieMrad 

MaMeLee 

Flow  Boy 

Boy  Lynds 

WfflieCade 


Where  bnilt. 


Hanoheeter,  Ohio . . . 

ICadlMm,  Ind 

Leavenworth,  Kane 

Glaai^w,  Mo 

KanaaBCity.Ho.. 

St.Loui8,Mo 

Bmnawiok.  Mo 

Boonville,  Mo 

Kew  I^rankfort,  Mo 
St.  Claire,  Iowa.... 
JeffersonyiUe,  Ind . 

St.Loiiis,Mo 

De  Witt,  Mo 

Grafton.  HI 

Sionx  City,  Iowa  . . 
JefferaonvUle,  Ind . 
Metropolis,  lU...:. 


Tear. 


1875 
1690 
1879 
1879 
1886 
1881 
1890 
1887 
1889 
1871 
1887 
1888 
1887 
1881 
1884 
1887 
1881 


Date  of 

lastin> 

spection. 


1800. 
May  28 

Jnne  20 
May  28 
May  24 
May  23 
May  23 
Aug.  11 
May  23 
KoT.  20 
May  28 
May  23 
May  14 
May  14 
May  14 
May  28 
May  23 
May  23 


DimensioDS. 


T<ength. 


FMt. 

02.4 
262.0 
127.5 

03.4 
124.2 

75.0 

87.0 
102.0 

eo.o 

100.5 
108.0 


68.8 

110.0 

70.0 

87: 0 

181.6 


Width. 


FmC. 
20.4 
52.0 
32.0 
27.0 
19.6 
13.0 
19.6 
21.5 
23.8 
18.6 
20.4 


11.8 
2&0 
18.0 
26.0 
8L0 


Depth. 


3.1 
6.0 
4.5 
2.0 
2.8 
2.0 
8.9 
4.7 
8.3 
8.8 
4.2 


8.6 
4.0 
8.0 
8.6 
4.8 


Total 
tonnage. 


88.51 
1,130.34 

17a  32 
81.14 
21.86 
29.82 
77.01 
88.85 
23.79 
74.40 
85.05 
5.00 
15.25 

104.81 
29.22 
64.09 

177.47 


Agsic 


le 

Mason 

Annie  Cade 

Annie  Lewis 

Argentine ......... 

Caxrie 

City  of  Bmnswick. 

Edna 

Harry  Clyde 

Jennie  Guchrist . . . 
Joe.  L.  Stevens 


LUlieMand. 
HattleLee. 
Plow  Boy... 
SoyLynos  . 
Wfllio  Cade. 


looms. 


11 


4 
6 


Berths. 


22 


12 

12 

1 


Passengers. 


Permit- 
ted to 
oarry. 


100 


25 
33 


8 


First 
cabin. 


50 


8 
8 


Steerage 
or  deoK. 


50 


17 

25 

20 

8 


15 
30 
10 


Engines. 


Knmber. 


2 
2 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 

1 


Diameter 
of  cyl- 
inder. 


Inthet. 
12 
20 
201 

6 
8 
8 
6 
12 
10 

? 

16 
8 
0 

20 


Stroke. 


Feet. 


I* 
? 

1 
2 
3 

3 

? 
? 

3 
5 


I 
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Table  i.'^Li9t  of  steamers plffing  on  the  Missouri  Biverj  etc, — Continiied. 


ISSBkt. 


Aimer  O'Neal 

Andrew  3.  Bennett. 

CapitolA  Butt 

JoeieL.K 

Last  Chance 

Liberty 

Little  Maud 


State- 
rooms. 


IG 


Mary  £.  Bennett. 

Qaeen  No.  2 

Sioux 


Berths. 


Permitted 
to  carry. 


34 


PassengeDB. 


48 
75 
20 
30 
32 
10 


First 
oabln. 


34 


50 


15 


Steerage 
or  deck. 


12 

20 
30 
30 
10 


50 

is 


Engines. 


Nfunber. 


2 
2 
2 

1 
2 

1 
2 
1 
1 

1 


Diameter 

of 
cylinder. 


Inches, 

14 

1L5 

11 
6 

11 
5 

10.6 
7.6 
7.5 
4.5 


Stroke. 


FMt, 

6 


3 


Name. 


d 
^ 


Abner  O'Neal. 


Andrew  S.  Bennett . 
Capitol*  Bntt 


JosieL.K 


I<aatChaaoe. 

Liberty 

LittteHaad 


ICaryB.  Bennett. 

Qaeen  No.  2 

Slonx 


Boilers. 


I 


Ft, 

20 


22 
20 

5i 


118 

t 


3i 


126 


4 


i 

9 

I 


In, 
42 


48 
46 

40 

42 
36 
40 


42 
30 
26 


Fines. 


I 


12 


u 
B 

s 


In. 

8 


6 
10 


(^1 

{;4-7 


I 

o 


GO 


Steel. 


Steel. 


2-14 

8  Steel. 


^Sto 


*8G|i  } 


♦83^ 


2 
17 


Iroii  . 
Iron  . 

Stwl 


.A 
I 


1884 

1883 
1885 


I 


09 


Lb*. 
170 


146 
145 


Steel. 

Iron  . 

^Steel. 


1880    125 

1870  83 
1887;  115 
1889'  156 


Licensed  to  run  on— 


Missonri  River,  be- 
tween Omaha  and 
Fort  Benton. 

Mississippi  and 
tributary  rivers. 

— do 


...do 


1888 
1877 
1888 


120 
110 
100 


Missonri  and  Irib- 
ntary  rivers. 

Missouri  River  and 
tribntaries,  b  e- 
tween  Running 
Water,  S.  Dak., 
and  Niobrara, 
Nebr.,  as  ferry- 
boat,and  between 
Running  Water 
and  Fort  Randall 
as  freight  boat. 

Mississippi  and 
tributary  rivers. 

Missonri  River  at 
ferry  crossings. 

Sioux  River,  oe- 
tween  moutn  and 
head  of  naviga- 
tion. 


Xame  and  address  of 
sole  or  mani4;ing  owner. 


R.  A.  TalbottiiMasdn, 
N.Dak. 

D.  Ayere,  Ponoa,  Dixon 

Co.,  Nebr. 
Oliver  F.  and  Wm.H. 

Butt,  Nebraska  CiiA 

Nebr. 
A.   Larson    and    H. 

Drange,  Yankton,  S. 

Dak. 
M.  K.  King,  Chamber- 
lain, S.  Dak. 
£.  £.  French,  Omalia, 

Nebr. 
Jos.  Leaoh,  Sioux  City, 

Iowa. 


Wm.  Luther,  Coving- 

tonjNebr. 
B.  F.  Hull  &  Son,  Deoa- 

tnr,  Nebr. 
Sioux  City  and  Higli- 

lazidParkB.B.Co. 


'Tubes. 
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Appendix  A  2. 

ANNUAL  KKPORT  OF   MR.   G.   A.   MAKR,    A88I8TANT  ENGINKER,    1891. 

Offick  Missotki   RiV'KR  ('<>MMI8.S10N, 

St.  Louis,  Mo.,  July  1, 1891, 

Sir:  I  have  thii  houor  to  Hubuiit  the  followiu;^  rejuirt  for  field  and ofiice'work  dur- 
iug  the  fiscal  year  ending  June  30^  1891. 

FIELD  WORK  IN  MONTANA. 

A  complete  survey,  consisting  of  secondary  triangulatlon,  topography,  hydrogra- 
phy, and  checked  levels,  was  made  from  Three  Forks,  Mont.,  to  Fort  Ben  ton,  Mont., 
with  the  exception  of  topography  and  hydrography  from  Stuhhs  Ferry  to  Sun  River, 
which  were  made  under  the  direction  of  Capt.  E.  Maguire  in  1880. 

Received  orders  on  July  5  to  proceed  to  Helena,  Mont.,  to  procure  outfit,  and  then 
to  Gallatin,  Mont.,  where  the  work  was  to  commence.  After  procuring  lumber  for 
two  quarter-hoat  hulls,  and  outfit  for  party,  and  setting  a  gauge  at  Stuobs  Ferry,  I 
reached  Gallatin,  Mont.,  on  July  13,  in  the  evening.  On  the  morning  of  the  14th,  Mr. 
R.  L.  Hazen,  of  Sioux  City,  Iowa,  was  on  hand  to  Duild  the  quarter-boat  hulls,  and  to 
act  as  mate  during  the  season.  As  the  greatest  part  of  the  lumber  had  arrived,  the 
work  of  constructing  the  boats  was  commenced,  a  base  line  of  4,800  feet  selected,  sta- 
dia hoards  prepared,  and  on  «l^ly  19  the  topography  and  levels  were  commenced,  and 
the  base  line  that  had  been  staked  out  was  measured  three  times  after  4 :55  p.  m. 
A  complete  quadrilateral  system  of  secondary  triangulation  was  carried  down  from 
Gallatin  Base,  at  Three  Forks,  to  connect  at  Fort  Benton  with  the  triangulation  of 
1885.  In  reconnoitering  for  this  system,  the  usual  conditions  for  primary  work  were 
maintained  throughout,  with  no  angle  in  the  direct  system  of  triangles  less  than  30 
degrees.  The  observations  for  angles  were  miide  by  Assistant  Engineer  O.  H.  B. 
Turner  with  the  Throughton  and  Simms  No.  2  lO-inch  theodolite,  except  at  two  sta- 
tions, which  were  occupied  hy  Assistant  Engineer  T.  C.  Thomas  with  Gamhey  No. 
1,  10-inch  theodolite;  The  observations  for  angles  were  excellent,  there  being  78 
stations  occupied,  and  over  90  per  cent,  of  th9  ^1  angles  closed  within  the  primary 
limit  of  3-8econd  closure,  and  all  well  within  the  secondary  limit  of  6  seconds .  Heavy 
snowstorms  in  the  mountains  during  the  month  of  October  made  it  difficult  to  rec- 
ognize targets,  hence  the  per  cent,  of  good  closure  was  somewhat  reduced  on  that 
section  of  work. 

A  base  line  was  selected  at  Gallatin,  4,800  feet  in  length,  on  the  level  bottom  land 
and  was  measured  three  times,  the  first  only  as  practice  and  not  used,  but  is  reduced 
to  show  that  even  with  inexperienced  help  and  fluctuating  temperature  a  very  close 
approximation  can  be  mad«.  Standard  tape  No.  lU,  of  the  Missouri  River  Commis- 
sion, was  use4  in  the  measurement,  and  the  two  standard  thermometers,  Nos.  5,100 
and  5,108,  made  by  Green  of  New  York.  Full  reports  on  these  standards  have  been 
made  in  the  Annual  Reports  of  the  Chief  of  Engineers  for  base  apparatus  in  1889  and 
for  thermometers  in  1890. 

Observations  for  azimuth  were  made  at  South  Base,  neai:  Gallatin,  on  four  nights, 
obtaining  twenty-six  results  on  Polaris-  and  fifty-three  observations  on  time  stars. 
There  were  also  twenty  sets  of  observations  for  the  approximate  latitude. 

The  shore  line  and  topography  were  done  with  use  of  stadia,  checking  the  work 
by  tertiary  triangulation  points  at  frequent  intervals.  The  sloughs  and  side  chan- 
nels were  generally  located  by  independent  lines,  the  same  as  the  main  channel,  and 
in  some  of  the  more  important  side  channels  soundings  were  taken.  Soundings 
were  made  from  a  skiff  with  sounding  pole  graduated  to  tenths  of  a  foot,  and  a  lead 
line  was  carried  along  in  the  skiff  for  getting  the  depth  in  any  deep  pools. 

Careful  checked  levels  were  nin  over  the  whole  section  of  river  from  Three  Forks 
to  Fort  Benton,  and  for  nearly  the  whole  distance  by  two  independent  observers. 
The  usual  permanent  bench-marks  were  established  from  3  to  5  miles  apart  along  the 
banks  of  the  river.  The  U.  S.  Geological  Survey  had  established  bench-marks  and 
flanges  at  Toston,  Canyon  Ferry,  and  Craig  for  discharge  measurements,  and  these 
points  were  all  connected  within  our  systems  of  checked  levels.  Data  was  obtained 
from  the  office  of  the  Northern  Pacific  Railroad  in  St.  Paul,  Minn.,  for  the  elevation 
above  sea  level  of  points  at  Gallatin,  from  which  our  system  of  levels  were  commenced, 
»nd  hence  our  elevations  as  reduced  in  the  field  refer  to  sea  level  as  obtained  ftovn. 
the  Northern  Pacific  Railroad,  their  data  depending  upon  the  mean  level  of  Lake 
Superior,  taken  as  602  feet  above  the  mean  level  of  the  Atlantic  0(;ean. 

water  surfaces  were  taken  firequently  to  give  the  fall  in  the  river,  gauge  readings 

^eing  taken  daUy  at  six  different  pointH  along  the  river,  one  gauge  being  tnat  at  Fort 

Jenton,  established  on  tho  bridge  at  that  place  by  Lieut.  H.  M.  Chittendon,  and  set 
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with  its  MTo  at  low  water  of  1889.  The  gange  at  Toston,  Mont.,  was  set  by  the  U.  8. 
Oeologiral  Survey,  and  its  zero  was  over  a  foot  below  the  low  water  of  l^^as  de- 
rived mini  a  comparison  of  the  six  gauges  during  a  quiet  stage  of  water.  The  four 
gauges  estublishecl  during  the  field  work  of  1890  were  all  set  with  their  zeros  as  near 
low  water  as  could  be  estimated  at  the  time  of  setting. 

Five  approiimalbe  discharge  measurements  were  made,  three  on  the  three  branches 
at  the  head  of  the  river,  and  two  on  the  main  river,  one  near  the  head  and  the  other 
at  Canyon  Ferry.  Those  were  hastily  made,  and  only  intended  to  give  a  general  idea 
of  the  amount  of  water  in  the  river,  the  stage  being  quite  low  and  &vorable  at  the 
time. 

Comparison  of  gauges. 


Bate. 

Gallatin. 

Gallaher. 

Toeton. 

Stabbs. 

Craig. 

Great 
Falls. 

BentoB. 

1890. 
Xov.l 

F^eL 

0.47 
0.47 
0.47 
0.48 
0.47 
0.47 

F^eL 

0.48 
0.44 
0.43 
0.42 
0.45 
a46 

FetL 
1.8 
L8 
1.85 
1.0 
L9 

FeeL 
0.7 
0.7 
0.7 
0.7 
0.7 
0.75 

FmL 
0.85 
a85 
0.35 
0.37 
0.37 
0.87 

FmL 
0.99 
0.94 
0.94 
0.92 
0.95 
0.99 

FmL 
0.72 

2 

3 

4 

0l75 
0.75 
0.75 

5 

6 

0.75 
0.75 

Means 

0.47 

0.44 

1.86 

0.71 

0.80 

0.94 

0.75 

LotoMt  water. 
Oct.  1 , 

0.86 

0.05 

1.50 

• 
0.38 

• 

0.00 

0.38 

0.85 

The  gange  at  Ctaig  was  not  read  in  connection  with  the  work,  but  a  copy  of  the 
readings  of  that  gauge  was  obtained  for  comparison.  The  following  methods  were 
used  in  deriving  elevations:  The  levels  were  all  run  in  duplicate  or  carefully 
checked  by  indefiendent  lines ;  the  means  of  two  results  at  checking  points,  from  2 
to  5  miles  apart  were  used  in  going  ahead  from  that  point,  the  limit  of  error  between 
two  lines  in  checking  being  0.2  feet  in  5  miles.  The  permanent  bench-mark  points 
were  always  nseil  in  checking,  and  occasionally  a  point  between  would  be  used  at 
the  end  of  a  day's  work,  or  otherwise. 

As  the  use  of  tents  on  datboats  for  subsisting  the  party  in  the  field  resulted 
especially  from  the  necessity  for  light-draft  boats  on  the  head  waters  for  the  work 
or  this  season,  drawings  and  plans,  with  a  photograph  *  of  the  boats,  are  submitted. 
The  hulls  were  14  by  60  feet  and  made  on  the  same  plan  as  previous  qnarter-boat 
hulls,  except  that  some  of  the  timbers  were  lighter^  and  the  gunwales  only  20  inches 
high  and  perpendicular.  The  tent  was  14  by  40  feet,  with  5-foot  wall.  The  ends 
t  were  the  same  as  for  an  ordinary  tent^  except  with  one  foot  extra  lap  for  the  door 
openings  on  account  of  exposure  to  winds.  The  doors  and  windows,  as  shown  on 
the  sketch,  are  openings  of  one  width  of  canvas  (29  inches),  the  windows  3  feet  in 
depth,  and  both  door  and  windows  covered  with  canvas  one  foot  wider  than  the 
openings,  and  the  windows  6  inches  deeper  to  give  a  lap  of  6  inches  all  around. 
Tne  door  and  window  covers  were  all  fastened  securely  at  the  top,  or  upper  edge  of 
the  wall,  and  tied  at  the  sides  and  bottom.  The  partitions  are  the  same  as  ends  to 
an  ordinary  tent,  except  that  they  were  left  onen  entirely  to  the  top  in  the  center, 
for  the  ridge  pole,  and  at  the  sides  Cor  the  wall  supports,  the  center  and  sides  having 
strings  for  fastening  in  place.  These  partitions  are  located,  one  16  feet  from  the 
bow  end  of  the  tent  and  the  other  16  feet  from  the  stern  end,  leaving  9  feet  between 
for  kitchen.  One  side  of  the  tent  has  three  windows  and  a  door  and  the  other  side 
three  windows.  The  tent  does  not  need  ropes  when  used  on  a  boat,  but  has  the 
usual  eyelets  both  at  the  upper  edge  of  the  wall  and  around  the  bottom. 

These  canvas- top  quarter  boats  answered  the  purpose  well,  and  were  used  from 
Three  Forks  to  Great  Falls,  where  they  were  abandoned  on  account  of  the  ^lls  and 
rapids  below.  From  this  point  to  Fort  Benton  the  topography  nnd  levels  were  done 
from  camps,  which  were  moved  by  teams,  but  with  great  difficulty  and  dela^*.  on 
account  of  the  many  "coulees"  and  gulches  along  the  banks  of  the  river  below 
Oreat  Falls. 

The  organization  of  the  party  for  this  work  consisted  of  1  assistant  engineer  in 
charge,  3  other  assistant  engineers,  6  recorders,  2  mates,  1  foreman,  2  cooks,  1  second 
cook,  and  12  laborers,  a  totalof  28  men.  This  organization  carried  on  the  work  usually 
done  by  three  distinct  parties,  which  enabled  the  work  to  be  done  with  much  less 
ontfit  and  expense*  In  the  field  work  Assistant  Engineer  O.  H.  B.  Turner  had  charge 
of  the  observations  on  the  secondary  triangulation  and  azimuth,  and  accomplished  the 

*  Omitted. 
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work  most  BatUfaotorily.  Assistant  Engineer  T.  0.  Thomas  started  in  charee  of  the 
checked  leyels,  and  Assistant  Engineer  J.  L.  Sanders  in  charge  of  shoreline  and 
topography ;  bnt  it  was  soon  found  necessary  to  increase  the  force  on  the  shore  line 
and  topography,  and  Mr.  Thomas  was  placed  in  charge^  Mr.  Sanders  still  assisting. 
Recoraer  J.  W.  Woermann  was  then  placed  in  charge  or  checked  levels,  and  did  the 
work  well,  being  assisted  part  of  the  time  by  Recorder  L.  P,  Butler^  who  ren  an  in- 
dependent line  Detween  checking  points.  It  was  generally  possible  to  keep  the 
different  kinds  of  work  moving,  so  that  one  part  wonld  not  delay  another. 

Mr.  J.  W.  Woermann  had  a  photographic  camera  along  with  the  party,  and  some 
excellent  views  of  rapids,  cafions,  blnffs,  falls,  etc.,  were  obtained  daring  the  sea-' 
son. 

The  field  work  was  completed  at  Fort  Bon  ton  on  December  19,  and  the  property 
stored  at  the  €k>veTnment  fleet  Jost  below  Fort  Benton ;  arrived  at  the  office  in  St. 
Lionis  on  December  25.  * 

The  following  tabulation  gives  the  amount  of  field  work  done: 

Secondary  triangulation  stations  located 76 

Secondary  triangulation  stations  put  up 77 

Secondary  triangulation  stations  occupied 78 

Secondary  triangulation,  angles  measured 379 

TetiaMtj  triangmation  points  located 103 

Public  buildings  and  prominent  points  located 55 

Miles  of  shore  une  and  topography « 249 

Miles  of  duplicate  levels 258 

Miles  of  single  levels  for  water  surfaces 45 

Water  surfaces  obtained 395 

Lines  of  sounding 2,112 

Discharge  measurements 5 

Gauges  established 4 

Permanent  bench-marks  established 53 

Base  line  measured 1 

Sets  of  observations  for  azimuth , 26 

Sets  of  observations  for  approximate  latitudes 20 

Time  stars  observed 1...  $3 

Quarter  boats  built 2 

Skiffs  built 6 

OFFICE  WORK  IN  ST.   LOUIS,  BOSSOURI. 

At  the  close  of  the  field  work  the  last  of  December,  Mr.  Turner  and  Mr.  Butler 
were  retained  in  the  office  to  assist  in  the  reduction  of  field  notes  and  mapping  the 
snrvey.  They  were  engaged  on  special  computations  below  Sioux  City,  Iowa,  until 
January  8,  when  the  r^uction  of  the  field  work  was  commenced.  The  secondary 
triangulation  was  first  computed  in  full  detail,  with  least  square  adjustment  of 
quadrilaterals  and  plane  coordinates  of  all  the  stations  determined  using  the  azimuth 
at  A  Benton,  and  that  station  as  origin.  Then  all  tertiary  triangulation  points  were 
located  and  their  coordinates  determined  for  developing  the  details  of*  shore  line 
and  topography.  The  coordinates  of  all  stadia  points  &om  Fort  Benton  to  Sun 
River  have  been  computed  and  checked  by  the  coordinates  of  the  tertiary  triangu- 
lation points,  and  this  part  of  the  river  has  been  mapped  on  a  scale  of  400  feet  to  an 
inch,  requiring  7  sheets  of  the  standard  size,  6^  feet  in  length,  to  develop  the  work. 
The  details  of  the  survey  have  all  been  platted  in  pencil  on  these  sheets,  and  four  of 
the  maxks  have  been  finished  in  ink  by  Mr.  Kossak.  A  printing  outfit  similar  to  that 
used  by  the  Mississippi  River  Commission  was  obtained,  and  all  the  work  that 
could  be  inked  with  type  has  been  finished  in  that  manner. 

At  several  points  between  Stubbs  Ferry  and  Sun  River  reexaminations  were  made 
and  from  these  surveys  and  such  tertiary  triangulation  points  as  could  be  connected 
with  quite  definite  points  of  Captain  Maguire^s  survey  of  1^80,  a  comparison  could 
be  obtained  between  the  coordinates  of  tne  survey  of  1880  and  those  of  this  survey 
of  1890;  and  such  comparisons  have  been  made  and  corrections  introduced,  so  as  to 
reproduce  the  maps  of  the  survey  of  1880,  with  such  additional  notes  as  were  ob- 
tained in  this  survey.  Mr.  C.  M.  Winchell  has  been  at  work  reproducing  these 
maps  since  May  20,  and  has  seven  sheets  of  the  standard  size  completed  in  pencil. 

'tb»  computations  in  the  reduction  of  the  secondary  triangulation  from  Three 
Forks  to  Fort  Benton  were  made  in  duplicate  by  Mr.  Turner  and  Mr.  Butler  and 
careiuUy  checked.  There  were  76  direct  triangles,  covered  by  37  quadrilaterals, 
and  all  angles  were  adjusted  in  tliiH  system,  there  beinjj  298  angles. 

The  corrections  to  tne  observed  angles  from  the  quadrilateral  least  square  adjust- 
ment are  shown  as  follows : 

Between  0  and  1  second 242 

Between  1  and  2  seconds 50 

Between  2  and  3.2  seconds 6 
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The  GaUatin  base  at  Three  Forks  was  used  in  oomputing  the  triaaffulatioiii  and 
the  work  checked  on  th(^  line  A  Teton- A  Benton  of  the  work  of  1885^  uie  slight  dif- 
ference in  the  r(>8ult8  bein^  dintributed  back  through  tlie  system.  In  the  computa- 
tion for  latitude,  longitude,  and  azimuth,  the  data  at  ^  Benton,  as  determined  in 
1885,  was  n««'d,  the  computation  being  made  by  myself,  and  checked  by  closing 
around  each  triaug](>. 

The  court-houHc  in  Hcleua,  Mont.,  was  connected  within  our  system  of  trianguiation 
from  two  baHes,  giving  a  chock  on  the  work,  as  the  latitude  and  longitude  of  this 
]^oint  had  been  determined  by  the  U.  8.  Coast  and  Geodetic  Survey.  The  latitudes 
and  longitudes  as  finally  reported  for  the  stations  of  the  secondary  triangiilatiou 
depend  on  the  observed  latitude  and  loufi'itude  of  the  Morrison  observatory  at  (Glas- 
gow, Mo. ;  and  in  comparing  at  Helena,  Mont.,  the  work  has  been  carried  through 
about  1,600  miles  axial  distance  along  the  Missouri  River. 

The  following  is  a  com]mrison  of  tUe  two  detenninatitmN  at  Helena,  Mont. 


Court-lumw.  1'.  S.  ('oiiHt  an(li(J(MNlotii'  Surv»' 
Conrt-hoa««*  l»y  trianguiation 


Latitude. 


O         /  II 

46    3.^    17.5 
46    35    07.23 


LoDgittido. 


oil! 

112  02  05.74 
112  02  01.06 


This  gives  a  difference  of  10.27"  in  latitude  and  04.68"  in  longitude,  the  trianguia- 
tion being  less  than  the  observed.  As  Helena  is  located  in  the  Rocky  Mountains, 
station  error  in  the  observed  results  may  account  for  a  part  of  the  difference. 

Final  results  for  this  trianguiation  from  Three  Forks,  Mont.,  to  Fort  Benton  are 
given  in  Table  I,  Appendix  A  4,  and  the  scheme  of  the  system  in  Sketch  I,  Appen- 
dix A  4,  the  main  system  of  triangles  being  shown  by  full  lines,  and  the  diagonals 
of  the  (luadrilaterahs  by  broken  lines. 

REDUCTION   OV  (5ALLA.TIN  BAfiB  AT  THKEE  FORKS,    MONTANA. 

This  reduction  was  made  by  myself  and  checked  by  Mr.  Turner,  and  its  length 
reduced  to  sea  level,  which  waH  used  in  the  computation  of  triangle^  from  Three  Forks 
to  Fort  Benton.    The  reduction  is  submitted  and  follows  this  report. 

REDUCTION  OF  AZIMUTH  AT  THREE  FORKS,   MONTANA. 

The  computations  of  this  work  were  made  in  duplicate  by  Mr.  Turner  and  Mr. 
Butler  and  carefully  checked.  The  mean  results  for  four  nights'  work  are  given 
in  "  Table  of  Azimuths,"  Appendix  A  4. 

A  full  list  and  description  of  all  permanent  bench-marks  established  in  1890  from 
Three  Forks  to  Fort  Benton,  with  their  elevations  above  sea  level,  are  submitted, 
and  follow  the  reductions  of  the  Gallatin  base.  The  descriptions  of  stations  of  the 
secondary  trianguiation  on  this  section  of  the  river  are  also  submitted,  and  follow 
the  sketches  of  trianguiation,  Appendix  A  4. 

REDUCTION  OF  SECONDARY    TRI ANGULATIONS  FROM   BISMARCK,   NORTH    DAKOTA,   TO 

SIOUX   CITY,   IOWA. 

The  field  work  for  this  section  of  river  was  done  in  1889,  and  the  computations 
were  all  made  in  duplicate  and  carefully  checked  during  the  winter  of  1889  and  1890. 
Three  bases  were  measured,  and  a  full  report  has  been  made  on  their  measurement 
and  reduction  and  published  in  the  Report  of  the  Chief  of  Engineers  for  1890;  but 
the  reduction  of  triangles  and  the  results  have  not  been  published. 

TRIANGULATION  FRt)M  BISMARCK  TO  PIERRE. 

On  this  section  of  river  the  system  of  trianguiation  contained  62  direct  trianglesi 
covered  by  31  quadrilaterals,  all  the  angles  in  the  systeui  of  quadri laterals  being 
observed.  In  the  247  angles  the  corrections  to  the  observed  angles,  as  derived  from  the 
]east  square  adjustment,  lie  as  follown: 

Between  0  and  1  second 153 

Between  1  and  2  seconds 72 

Between  2  and  li  seconds 19 

Between  3  and  4.5  seconds ,..       5 


II  %■   w    IT i« 
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The  final  resalte  of  this  triaugulation  are  given  in  Table  V,  Appendix  A  4,  and  the 
plan  of  the  system  is  Sketch  V,  Appendix  A  4. 

At  Bismarck;  N.  Dak.,  the  U.  S.  Coast  and  Geodetic  Survey  made  observations  for 
latitude  and  longitude  in  1890,  and  the  results  of  their  determinations  have  been 
sent  to  this  office  through  the  kindness  of  Prof.  T.  C.  M^ndenhall;  superintendent. 
Ah  our  system  of  tri angulation  had  been  connected  with  the  flagstafif  of  the  court- 
house in  Bismarck,  and  their  observations  referred  to  the  same  point,  we  are  able  to 
give  the  following  comparison: 


Latitude. 


Conrt-hoase  cupola,  U.  S.  Coast  and  Geodetic  Survey i    4G    48    27.40 

Court-house  cupola,  trlangulatiun j    46    48    26.63 


Loiitfitade. 


o  /  // 

100  46  57.21 
100  40  59.51 


The  results  from  trian^ulation,  as  given  above,  depend  on  the  observed  latitude 
and  longitude  of  the  Morrison  Observatory,  at  Glasgow,  Mo.,  which  is  850  miles  axial 
distance  along  the  system  of  triangulation  from  Bismarck. 

TRLA^GULATION  FROM  PIERRE  TO  RUNiaNG  WATER. 

On  this  section  of  the  river  there  were  50  direct  triangles,  covered  by  25  quadri- 
laterals, all  angles  in  the  system  being  observed.  In  the  198  angles  the  corrections 
to  observed  angles  firom  least  square  adjustment  lie  as  follows: 

Between  0  and  1  second Ill 

Between  1  and  2  seconds 53 

Between  2  and  3  seconds 24 

Between  3  and  4.6  seconds . . .  ■. 10 

The  final  results  for  the  trijingulation  on  this  Mcction  arogive^i  iii  Table  vi,  Appen- 
dix A  4^  and  the  system  of  triangles  on  Sketch  vi.  Appendix  A  4. 

TRIANGULATION  FROM  RUNNING  WATER  TO  SIOUX  CITY. 

i 

The  L.  M.  Z.  computation  of  this  part  of  the  work  of  1889  was  not  made  until  this 
year,  when  a  check  could  be  obtained  at  the  Blair  base  from  the  work  by  Assistant 
Engineer  O.  B.  Wheeler  in  1890. 

The  triangulation  of  1889  had  all  been  reduced  in  duplicate,  there  being  22  direct 
triangles,  covered  by  11  quadrilaterals,  all  angles  being  observed.  In  the  88  angles, 
the  corrections  axe  shown  below : 

Between  0  and  1  second 48 

Between  1  and  2  seconds -. . . .    29 

Between  2  and  3.6  seconds 11 

The  final  results  of  the  triuiigiilatiou  on  this  Hcrtioii  are  given  in  Table  vii,  Appen- 
dix A  4,  and  the  scheme  of  triangulation  on  Sketch  vii,  Appendix  A  4. 

REDUCTIONS   OF  AZIMUTHS   AT  PIERRE  AND  RUNNING  WATER. 

These  reductions  for  the  work  of  1889  were  made  by  Mr.  J.  J.  Sanders  and  checked 
by  Mr.  Turner,  and  the  results  at  both  stations  are  given  in  *'  Table  of  Azimuths,'' 
Appendix  A  4.  • 

'rhe  descriptions  of  stations  in  the  secondary  trian^lation  of  1889  from  Bismarck, 
N.  Dak.,  to  Sioux  City,  Iowa,  are  also  submitted,  and  follow  the  sketches  in  Appen- 
dix A  4,  being  given  in  sections  corresponding  to  the  diyisions  of  the  system  of  sec- 
ondary triangmation. 

Very  respectfhlly,  your  obedient  seryanty 


G.  A.  Marr. 
Assistant  Eng%neer. 


First  Lieut.  J.  C.  Sanfobd, 

Carps  of  JSnginesrs,  U,  S,  A* 
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GALLATIN  BASE. 

Temperatures  during  mecufuretnenU, 


No.  of  tape. 

• 

First  meaanrement. 

Second  measurement. 

Jiilv  19, 
l8U0,'p.m. 

Thermometers. 

July  10, 
1800,  p.m. 

Thermometers. 

July  19, 
1890,  p.m. 

Thermc 

>meterM. 
5100. 

5108. 

5100. 

5108. 

5100. 

5108. 

1 

4  55 

5  05 

o 

78.1 
80.2 
78.4 
76.1 
76.1 
75.8 
75.5 
75.0 
75.0 
75.0 
76.0 
75.8 
76.4 
76.8 
76.5 
76.8 

o 

77.7 
80.0 
78.4 
76.2 
75.8 
75.6 
75.8 
74.8 
75.5 
75.5 
76.1 
75.6 
76.4 
76.5 
76.6 
70.5 

h.  tn. 
6    43 
6    46 
6    49 
6    51 
6    53 

6  55 

7  00 
7    03 
7    05 
7    07 
7    10 
7    12 
7    15 
7    17 
7    19 
7    22 

o       '       o 

75.8    '    75.8 
75. 0         74. 6 

h.  m. 
7    52 
7    55 

7  58 

8  01 
8    03 
8    06 
8    09 
8    11 
8    13 
8    16 
8    18 
8    21 
8    23 
8    26 
8    29 
8    31 

o 
73.5 
73.2 
7L3 
70.0 
70.4 
69.4 
09.0 
68.2 
68.3 
68.8 
09.4 
69.0 
69.2 
09.0 
68.9 
68.5 

o 
73.2 

2 

72.8 

3 

73.8 
73.6 
73.0 
73.9 
78.0 
72.9 
73.8 
78.6 
78.9 
73.0 
74.0 
73.8 
74.0 
73.0 

73.6 
73.4 
73.6 
73.8 
72.8 
72.6 
78.6 
78.4 
74.0 
78.7 
73.6 
73.5 
73.6 
73.5 

7L4 

4 

5    12 
5    15 
5    18 
5    22 
5    25 
5    27 
5    30 
5    82 
5    34 

09.8 

5 

7a  0 

ft 

69.6 

7 

68.3 

9. 

•7.8 
68.7 

10 

69.4 

11  . 

70.0 

12 

69.6 

i:i. 

14. 
15. 
1«. 

5    36 
5    38 
5    41 
5    43 

09.2 
09.2 
68.5 
68.1 

Means    for   ench  flier- 
mometer 

;     76  17 

70  il 

i 

73. 89       73. 09 

73.79 
—  0.2 

1 
69. 7G  '      69.72 

Heans  for  each  iu(^i8(ire-  j 

ment !           76.44 

Corrections  1       —  o.  2 

09.74 

—  0.2 

CorrBOtod  mean" 

1 

70.24 

73.50 

OO^&i 

1 

Correction  for  inclination  (i)  of  tape,  Gallatin  hose. 
[Sin  i  =  ^ .    Correction  =  I  X  Ver.  sin  i=  I X  2  sin  »t  i.    I  =  300.  '02398  —  length  of  tape  No.  in  at  62®  F.] 


Differ- 

Log.I + 

log.  ver. 

8lll  i~log. 

2i+log. 

No.  of 
stake. 

Eleva- 
tion. 

ence  of 

elevation 

=  h. 

Log.fc. 

Log.  sin  i. 

t. 

Log.  sin 

Log.  sin* 
I*. 

Correo- 
tiona. 

sin  *t  i. 

1 

1 

o    '     n 

1 

S  base  . . 

:    11. 101 

j      11.067 

t 

% 

1 

0.034 

8.63148 

6.05432 

0  00  24 

5. 76476 

1.52952 

4.30771 

0.00000 

2 

7. 35J2 

3.735 

0. 57229 

8. 0JI513 

42  48 

7. 79414 

5.58828 

8. 86647 

a  02325 

3 

5,988 

1.344 

0. 12840 

7.05124 

15  24 

7. 35022 

4.70044 

7.47863 

0.00301 

4 

4.611 

1.377 

0. 13893 

7.68177 

16  46 

7.36044 

4.72088 

7.49907 

0.00316 

5 ^ 

5.845 

L234 

0.09132 

7. 61416 

14  08 

7. 31294 

4.62588 

7.40407 

0.00254 

« 

5.872 

0.027 

&  43136 

5. 95420 

00  18 

5.63982 

L  27964 

4.05783 

0.00000 

7 

4.844 

1.028 

0. 01190 

7.53483 

11  46 

7.23335 

4.46670 

7.24489 

0.00176 

8 ' 

3.909 

0.935 

9. 97081 

7.49365 

10  42 

7.19208 

4.88416 

7. 16235 

0.00145 

«) ; 

8.814 

0.095 

8. 97772 

6.50056 

1  06 

6.20409 

2.40818 

5.18637 

0.00002 

10 1 

4.001 

0.187 

9.27184 

6. 79468 

208 

6.49175 

2.98350 

5.76169 

0.00006 

n 1 

4.154 

0.153 

9.18469 

6. 70733 

1  46 

«.  40985 

2. 81970 

5.59780 

0.0O0O4 

vd ■ 

2.189 

1.965 

0. 29336 

7. 81620 

22  30 

7.51488 

5.02976 

7.80795 

0.0064:1 

i:{ 

3.765 

L576 

0.19766 

7.72040 

18  04 

7.41967 

4.83914 

7. 61733 

0.00414 

14 

1.162 

2.603 

0. 41547 

7.93831 

29  50 

7.63740 

5.27480 

8.05299 

0.01130 

If. 

2.428 

1.266 

0.10243 

7.62527 

14  30 

7.82406 

4.64812 

7.42631 

0.00287 

10 

0.000 

2.428 
:=4.828mcj 

0.38525 
an  elovatio 

7.90809 
n. 

27  50 

• 

7.60726 
TotAl  con 

6.21452 
roction  for 

7.99271 
inclination 

0.00983 

8-J.  082  -- 
17 

1  =  0.06966 

4, 024'.  760  =  Elevation  of  zinc  16  (A  N.  base)  above  sea  level. 
+4. 828  =  Mean  elevation  of  Gallatin  base  above  A  N.  base.' 

4, 020. 588  Bx  Mean  elevation  of  Gallatin  base  above  86A  leveL 

Correction  to  reduce  to  sea  level : 

Ba 

=  ^  (See  Lee*B  Tables,  page  84). 

Log.  B  =  log  4, 800'.91978  =  3. 6813245 
Log.  a  s  log  4, 020 .688     =  3. 6052607 

7  2865852 
Log.N  <at  Lat.  iSP  64')  =  7!  8213851 

Log.  correction  =  9, 9652001 
Correction  s=  0^.92300 
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Three  measarements  of  Gallatin  base  expressed  by  the  following  equations: 


(Pint).     [16  X  300^.02398]  +  0'.47235  +  0'.02000  4-  0' .00066  =  4,800^.94569    Bejedted  in  tho field. 
(Second.)    16  X  300'.02308l  +  0' .38445  +  0^.08583  +  0'.06066  =  4,800' .02362  } 
(TMid.)    [16  X  300'.0239eJ  +  0' .25011  f  0^.21250  +  0'.06966  =  4,800' .91505  5 
Mean  of  second  and  third  meaflurements  =  4,800'.91978. 


First  term  is  number  of  tapes  into  length  of  tape  at  62^  F. 

Second  term  is  temperature  correction. 

Third  term 'is  distance  between  end  of  last  tape  and  ^  K.  base. 

Fourth  term  is  correction  for  inclination  of  tape. 

The  second  member  is  the  corrected  independent  result  for  each  measurement. 

The  mean  of  two  measurements  =  4,80(y.91978 
Correction  to  reduce  to  sea  level  =         0^.92300 


Gallatin  base  reduced  to  sea  level  =  i,199',9967S 
Measured  differences  on  zincs,  Gallatin  hose. 


Number  of  stake. 


• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

]0 

11 

12 

13 

14 

15 

16 


Measarements. 


Firsts 
secund. 


Inch. 
-fO.04 
--0.14 
--0.23 
--0.27 
--0.81 
-  0.84 
--0.40 
--0.46 
--0.48 
--0.50 
--0.51 
--0.58 
--0.61 
--0.64 
--0.72 
--0.79 


Second- 
third. 


Ineh. 
-1-0.06 
-j-0. 12 
-jO.21 
--0.28 
--0.36 
--0.44 
--0.52 
--0.61 
--0.76 
--0.86 
--0.99 
--1.08 
--1. 18 
--1.26 
--1.39 
--L52 


First- 
third. 


Inch, 
4-0.10 
--0.26 
--0.44 
--0.55 
--0.67 
--0.78 
--0.92 
--1.07 
--1.24 
--1.36 
--1.60 
--l.«5 
--1.79 
>-1.90 
--2. 11 
--2. 31 


Descriptions  and  elevations  of  permanent  hench-marks  eatahlishsd  along  the  Missouri  Biver 
during  thesurvey  between  Three  Forks,  Mont.,  and  Fort'Benion,  Mont.,  by  Assistant  Engi- 
neer G,  A,  Marr,  season  1S90,  Elevations  are  in  feet  above  mean  tide  sea-level  as  taken 
from  ihe  Northern  Pacific  Eailroad  levels  at  Gallatin,  MonU 

[The  ralhroad  lerelk  depend  on  the  elevation  of  Lake  Saperior  as  determined  by  the  IT.  S.  Lake  Surrej.] 


Number. 


1  (Three  Forks) 


2  (Gallatin). 


3  (Eagle  Bock) 


4  (Magpie) 


Description. 


Is  located  at  the  southwest  coruer  uf  the  Thivc  ForkH  Hotel, 
Three  Forks,  Mont.  It  is  inside  of  the  hotel  yard,  U  feet  from 
fence  and  I  foot  fh)m  west  wall  of  building.  MarKed  by  the 
regulation  stone  and  pipe. 

Is  at  the  upper  end  of  tlie  oluff  opposite  the  mouth  of  the  Gallatin 
River.  It  is  on  the  left  bank  of  the  Jefferson  and  Madison 
rivers,  60  feet  from  shore,  500  feet  above  the  mouth  of  the  Gal- 
latin, and  about  700  feet  below  the  house  on  Miss  Campbell's 
ranch,  being  at  the  lower  end  of  small  bottom  bounded  by  low 
terrace,  on  which  the  Campbell  house  is  situated.  A  fence 
running  along  end  of  bluff  to  the  river  passes  2  feet  north  of 
it.    Marked  by  stone  and  pine. 

Is  a  copper  bolt  leaded  vertically  in  the  highest  point  of  Eagle 
Bock,  150  feet  from  the  river  edge  of  rock,  nearly  midwav  be- 
tween river  and  a  snow  shed  over  the  Northern  Pacific  Rail- 
road at  this  point.  Eagle  Rock  is  at  lower  end  of  Horseshoe 
Bend,  about  6  milesbelow  head  of  Miasourl  River,  on  the  right 
bank. 

Is  a  copper  bolt  leaded  vertically  in  a  mass  of  rook  about  20  feet 
east  or  first  cut  north  of  Man>ie  Station.  Permanent  bench- 
mark is  about  30  feet  north  or  east  and  west  center  line  of  cut 
and  about  20  feet  above  track.    It  is  on  the  right  bank  of  river. 


Elevation. 


4,(M0.  I.'iS 


4,018.972 


4, 035. 375 


3,989.708 
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Descriptions  and  elevations  of  permanent  hench-nutrkSy  Missouri  River,  etc, — Cont'd. 


Kninber. 


5  (CaroluA  Banch) 


6  (MftmrooUi  Spring) 


7  (TiMton) 

8  (Re<«ve'8  Ranch). 


9.  (Honafeld's  Ranch). 


10  (Townscnd). 


11  (Muiry's  Ranch). 


12  (ran ton). 


]:t  (Pitkering Ferry) 


U  (Blakes  Ferry) 


15  (McMillan's  Bauch). 


Description. 


la  the  ii<n>thwtv<t  comer  of  amall  yard  anrrountling  Carolaa' 
hoiii»4*  on  ( *arohiM  Ranch.  It  in  alniiit  U  fi^t  went  of  northweat 
comer  (»f  lioufie,  2  feet  fVoiii  each  leiice,  iiiM>ut  250  feet  aonth- 
eaat  of  water's  edge,  and  about  OT)  feet  sontheast  of  gravel  bar. 
Carolns  Banch  is  on  the  right  bank  of  Missouri  River,  3^  miles 
below  Magpie  Station,  pennanent  bench-mark,  is  marked  1^ 
a  stone  ana  pipe. 

Is  a  copper  bolt  leaded  Tertloally  in  bed-rook,  5,400  feet  above 
Mammoth  Spring  Bridge,  on  the  right  bank  of  Missouri 
Biver.  It  is  70  feet  80Q&  of  Korthem  Padflc  Bailroad  track, 
2a  feet  aonth  of  Hsnoe.  140  feet  aonth  of  water.s  edge,  and  is  on 
the  west  side  of  a  rock  bluff  rising  about  76  feet  above  track  at 
a  point  where  bluff  merees  into  aide  of  hill.  Permanent  boach- 
mark  is  about  20  feet  above  track.  There  are  springs  near 
water's  edge  Just  below  it. 

Is  near  upper  ferry  landing  at  Toeton,  Mont.,  on  right  bank  of 
Miflflonrl  RlTcr.  It  is  180  feet  west  of  Toston  Railroad  Depots 
00  feet  tnm  water's  edge,  and  50  feet  south  of  road  leading  to 
ferry.    Marked  by  stcme  and  pipe. 

Is  located  on  west  edge  of  a  terrace  about  12  feet  high  on  right 
bank  of  Missouri  Biver,  one-half  of  a  mile  north  of  Glen's  house 
on  Beeve's  Banch.  A  low,  level  field,  1,200  feet  ride,  lies  be- 
tween terrace  and  river.  Permanent  bench-mark  is  360  feet  west 
of  a  point  on  the  Northern  Pacific  Bailroad  track,  100  feet  north 
of  Bridge  No.  874 ;  and  is  1,260  feet  east  of  water's  edge.  Marked 
by  stone  anaplpe. 

Is  located  on  Hossfeld's  Banch,  on  left  Uank  of  Missouri  Biver, 
aliove  Townsend,  Mont.,  about  4  miles  by  rail  or  6  miles  by 
river.  It  Is  90  feet  fh»m  west  edge  of  a  bench  which  begins  1,400 
feet  firom  water's  edge  and  extends  back  to  hills  about  one-quar^ 
ter  of  a  mile  distant  and  Is  about  210  feet  from  n<Mrtheast  ooi- 
uer  of  Baxtell's  house,  the  aximuth  to  which  from  permanent 
oench>mark  la  about  120*.   Marked  by  stone  and  pipe. 

Ih  ioi'ated  on  the  right  bank  of  MiMHoiiri  River,  about  one-half  of 
a  mile  north  of  Townsend  Bailroad  Station,  about  one-half  of  a 
mile  from  river,  measured  in  direction  perpendicular  to  track, 
and  about  thr&e-quarters  of  a  mile  south  of  railroad  bridge 
over  Missouri  Biver.  It  is  about  60  feet  west  of  a  point  on  the 
track  80  feet  north  of  Bailroad  Bridge  No.  302,  and  about  7  feet 
west  of  railroad  fence.  Compass  raiding  to  Mile-poet  1121  is 
818<^.    Marked  bv  stone  and  pipe. 

Is  on  the  ranch  or  John  Murrv,  about  2k  miles  in  a  direct  line, 
or  3|  miles  by  river,  below  tne  railroaa  bridge  at  Townsend. 
It  is  at  a  fence  comer,  4  feet  fVom  either  fence ;  and  is  1,200 
feet  east  of  river— being  on  the  right  bank — and  about  850 
feet  west  of  irrigation  ditch,  on  road  leading  to  ford.  It  is 
said  to  be  in  the  southwest  comer  of  SW.  ^  of  See.  6,  T  7. 
N.,  B.  2  B.  It  is  albo  five-eighths  of  mile  west  of  Mr.  Mc- 
Knight's  house.    Marked  by  stone  and  pipe. 

Is  on  uie  right  bank  of  Missouri  Biver  about  7  miles  in  a  dlreet 
line,  or  a£out  10  miles  by  river,  north  of  Townsend,  Mont., 
and  just  1^  miles  west  of  Canton.  If  the  road  running  west 
fh>ra  Canton  were  continued,  permanent  bench-mark  would  be 
on  south  side  of  same.  It  is  4o  feet  southesAt  of  northwest  cor- 
ner of  Sec  81,  T.  7  N.,  B.  2  E.,  is  1,400  feet  c^ast  of  river  bank, 
and  is  600  feet  north  of  an  old  line  of  fence-posts.  Marked  by 
Htone  and  pipe. 

Ih  loi'Ated  on  the  right  bank  of  MiHSourl  Biver,  at  "Pickering 
Ferry,**  which  is  operated  by  J.  £.  Smith,  on  whose  land  it  is. 
This' point  is  about  11  miles  in  a  direct  line,  about  IS  miles  by 
road,  or  about  15  miles  by  river,  below  Townsend,  Mont.,  and 
about  ISmiles  by  river  above  Cai^on  Ferry,  Muut.  Permanent 
1)enoh-mark  is  140  feet  south  of'^  water's  edge,  45  feet  east  uf 
center  of  road,  18  feet  west  of  west  corner  of  A&.  Smith's  house,  3 
feet  east  of  fence,  and  in  SE.  |  of  NE.  i  of  Sec.  12,  T.  8  N.,  B.  1 
K.   Marked  bv  stone  and  pipe. 

Is  located  on  lefbbank  of  Missouri  Biver,  about  14  miles  by  river, 
or  about  18  miles  by  road,  above  Canyon  Ferr>%  on  the  land  of 
Dr.  Blake,  who  owns  the  ferry  at  this  point.  It  is  in  the  north- 
east comer  of  smaU  yard  surrounding  Dr.  Blake's  house,  is  88 
feet  fVom  northeast  comer  of  said  nouse,  2^  feet  from  each 
fence.  215  feet  west  of  water's  edge,  and  105  feet  south  of  main 
road  leading  to  ferry.    Marked  by  stone  and  pipe. 

Is  located  on  Qie  ranch  of  A.  McMillan,  on  right  iMoik  of  Missouri 
Kivei^  about  10  miles  by  river  above  Canyon  Ferry,  Mont.  It 
is  73  feet  north  of  northeast  comer  of  McMillan's  house,  1,750 
feet  south  of  water's  edge,  and  about  three-quarters  of  a  mile 
north  of  foot  of  hills:  and  is  in  the  toutheast  comer  of  NE.  i  at 
of  NB.i  of  Sec.  17,  T.  0  N.,  R.  1 B.  Marked  1^  atone  andpfpo. 


Elevation. 


.1, 049. 1<S 


3.952.7K» 


3.Rt».448 


3, 867.  H51 


3,847.986 


3,795.W1 


3,772.906 


3.748.461 


3.715.9G3 


3.60&3C3 


3,688.257 
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Number. 


in  (C()oiiey*8  Banoh) , 


17  (Canyon  Ferry) . 


18  (Anderson^s  Kanch) 


Description. 


19  (StublMJ  Ferry). 


20  (Proposed  dam) 


21  (El  Dorado  Bar)  . . . 


22  (Beaver  Creek) 


23  (Hilger'sSancli)... 


24  (Willow  Creek) 


2't  (Copper  KtM'k) 


26. 


27  (Hiirke'8  Raiioli) . 


28  (Prickly  Pear  Creek) 


29  (Craig). 


30  (Dearborn  Klver) 


Is  on  tlu»  raiirli  «if  Tlio».  J.  Cooiioy,  on  right  bank  of  Missouri 
Kiver,  about  5  miles  above  Canyon  Ferry.  It  is  in  yard  in 
firont  of  Mr.  Cooney's  boose,  30  feet  west  of  house,  7  feet  north 
of  one  fence,  and  1  foot  east  of  other;  300  feet  east  of  water 'h 
edge,  and  near  middle  of  south  side  of  SW.  ^of  Sec.  30,  T.  10 
K.,  K.  1  B.  House  is  Just  at  foot  of  foot-hills.  J?he  road  to  Can- 
yon Ferry  passes  direotfy  in  front  of  house.  Marked  by  stone 
and  pipe. 

Is  located  at  Canyon  Ferry— 18  miles  ttam  Helena  by  road— 
on  right  bsnk  of,  and  300  feet  east  of,  Missouri  Kiver;  and 
300  feet  north  of  store  and  post-ofdce.  it  conslste  of  a  copper 
bolt  leaded  verticaUy  in  natural  rock,  Just  east  of  road;  ana  is 
5  feet  above  level  of  road. 

Is  on  the  property  of  John  Anderson,  about  4^  miles  bdow  Can- 
yon Ferrv,  about  2  mUes  above  Stubbs  Ferry,  river  distance, 
onright  bank  of  Itfis'^ouri  River.  It  is  on  a  bench  between 
hills  and  bottom,  about  18  feet  above  water  sur£Ace,  205  feet 
north  of  water's  edge,  56  feet  west  of  small  shed,  about  3  feet 
west  of  center  line  of  fence,  and  several  hundred  feet  west  of 
placer  diggings.    Is  a  stone  and  pipe. 

Is  at  Stubbs  Ferry,  on  left  bank  of  Missouri  Biver,  13  miles 
from  Helena  by  road;  is  on  summit  of  hill  nearest  ferry;  sum- 
mit of  said  hill  is  600  feet  sontliwest  of  water's  edge,  about 
50  feet  above  road,  and  about  65  feet  above  water's  surface. 
The  road  leadineftt>m  ferry  divides  at  the  base  of  hill,  onebranch 
going  to  the  left,  the  other  to  the  right.  The  remains  of  an 
old  mime  run  around  hill  about  one-quarter  of  the  way  up. 
Marked  by  stone  and  pipe. 

Ih  about  3  miles  below  Stubbs  Ferry,  by  river,  on  a  rocky  i»o- 
ninsula  on  left  l>ank  of  MlHSonri  Kiver,  about  75  feet  above 
waten  Just  above  site  of  proposed  dam.  It  is  a  copper  bolt 
leaded  vertically  in  a  shaly  ro<'.k  on  highest  point  within  a 
radius  of  300  feet.  "  U.  S.  B.  M."  is  ma^ed  on  vertical  face 
of  rock. 

Is  located  on  the  right  bank  of  Missouri  River,  at  the  upper  end 
of  £1  Dorado  Bar,  4,400  feet  below  mouth  of  Soup  Creek .  It  is 
168  feet  west  of  an  old  log  house  on  a  bench  20  feet  above  the 
river.    Marked  by  a  stone  and  pipe;  940  feet  from  foot-hills. 

Is  located  on  the  right  bank  of  Missouri  Kiver,  on  a  plateau  8 
feet  above  water,  370  feet  below  the  mouth  of  Beaver  Creek. 
It  is  50  feet  from  water's  edge  and  535  feet  southwest  of  a  small 
frame  house.    3£arked  by  stone  and  piiM). 

Ih  located  on  the  left  bank  of  Missouri  Kiver,  on  the  land  of  K. 
Hilger,  420  feet  below  mouth  of  Spring  Creek,  110  feet  from 
river,  420  feet  fhim  foot  of  bluff,  and  half  a  mile  northeast  of  Mr. 
Hilger's  house.  It  is  in  a  level  pasture  8  feet  above  the  river, 
and  is  marked  by  stone  and  pipe. 

Ih  on  the  right  bank  of  Missouri  Kiver,  180  feet  from  water's 
edge,  measured  in  a  northerly  direction  from  point  where  Wil- 
low Creek  enters  Missouri  Kiver.  It  is  in  a  small  level  pas- 
ture 12  feet  above  river,  is  530  feet  from  foot  of  bluff,  and  is  in 
Sec.  16,  T.  13  N".,  K.  3  E.    Marked  by  stone  and  piiM^ 

is  a  copper  bolt  leaded  vertically  in 'top  of  the  lowest  of  two 
large  bowlders,  about  1  mile  below  Copper  Kock,  and  about  1^ 
miles  above  Cottonwood  Creek.    It  is  on  the  left  bank. 

I  s  located  on  the  neck  of  Oxbow  Bend.  It  is  a  copper  bolt.  lesde<l 
\'ertically  in  a  ledge  on  west  ftiee  of  a  rocky  clitf,  about  5  feet 
above  and  on  the  east  side  of  a  wagon  roful  that  crosses  the 
neck. 

Is  on  the  land  of  W.  P.  Burke,  on  the  right,  bank  of  Missouri 
Kiver.  It  is  several  hundred  feet  below  Mr.  Burke's  house 
and  bams,  at  a  sharp  bend  in  tlie  river,  2  feet  east  of  a  wire 
fence  running  from  river  to  hills,  and  30  feet  from  edge  of  bank 
which  at  this  point  rises  sharply  to  22  feet  above  water.  Marked 
hy  stone  and  pipe. 

Is  on  the  right  oank  of  Missouri  Kiver,  opposite  the  mouth  of 
Prickly  Pear  Creek.  It  is  on  a  plateau,  which,  at  this  point, 
is  42  feet  above  river.  The  bank  is  steep,  snd  permanent  benoh- 
niark  is  not  far  from  edge.    Marked  by  stone  and  pipe. 

Is  located  at  Craig,  Mont.,  on  the  left  bank  of  Missouri  Kiver. 
it  is  40  feet  from  water's  edge,  and  53  feet  below  the  i>ost  snp- 
{lorting  cable  of  Sticknev  Ferry.    Marked  by  a  stone  and  pipe 

Is  on  the  left  bank  of  Missouri  Kiver,  about  300  feet  below 
month  of  Dearborn  Kiver.  It  is  between  the  river  and  the 
( treat  Northern  Kailroad,  110  feet  from  water's  edge,  and  60 
feet  firom  a  point  on  railroad  330  feet  below  east  enrtof  bridge 
over  the  Dearborn.  It  is  also  in  a  perpendicular  line  from 
section  house  to  river,  and  marked  by  a  stone  and  pipe. 


Elevation. 


3,657.992 


3,643.214 


3, 628.  »08 


3,669.200 


3,074.778 


3,611.071 
8,571.341 
3,553.638 

8,538.117 

3, 504.  691 
3,617.142 

3, 47;^.  7H.S 


3,484.771 

3, 436,  UH 
3, 428. 7J  5 


i 
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31 


3*2  (Hardy) 


33. 


34  (CuBcatle) 


35, 


30  (Muddy  Ocek) 


37  (sec.  24,  T.  9  N.,  R. 
1  E.) 


3S  (Uliri) 


30. 


40. 


4 1  ( Loberg'H  Pluco) . . . 


42  <rtmit  Falls  Bridge) 

43  (Dam,  Great  Falls) . 
44 


Is  on  the  left  Imnkof  Missoarl  River,  about  190  feet  from  water's 
edge,  and  60  feet  eaat  of  Great  Kortfaern  Railroad  track,  1,740 
fe^  aboye  Kile-post  Ko.  42  on  railroad,  thus  being  about  half- 
wav  between  Dearborn  Biyer  and  Hwdy.  It  is  marked  by 
a  stone  and  pipe. 

Is  located  at  liardy,  Hont..  on  left  bank  of  Miaaourl  River, 
about  one-eighth  of  a  mile  below  lower  end  of  Halfbreea 
Rapids.  It  u  between  the  river  and  Great  Northern  Railroad 
track,  about  500  feet  firom  water's  edge,  about  76  teA  tram 
main  track,  and  about  100  feet  below  Hardy  Section-houae. 
Marked  by  a  atone  and  pipe . 

Is  located  on  the  left  bank  of  Missouri  River,  at  a  pronounced 
bend  nearlv  midway  between  Hardy  and  Cascade,  Mont., 
nearer  Hardy.  It  is  about  two-thirds  up  the  river  side  of  a 
small  hill,  about  200  feet  from  water  and  about  240  feet  from  a 
rocky  point  of  same  hill,  srhich  projeots  to  water's  edge.  The 
Great  xforthem  Railroad  oomes  close  to  the  river  near  this 
point,  and  then  leaves  it,  being  out  through  the  hill  on  which 
permanent  bench-mark  ia.    Marked  by  a  stone  and  pipe. 

Is  located  at  Cascade,  Mont.,  on  left  bank  of  Missouri  River. 
It  is  215  feet  above  depot,  in  line  with  flront  of  said  building, 
about  475  feet  frt>m  river  and  about  26  feet  south  of  a  ravine 
running  nearly  east  and  west  from  river.  Marked  by  a  stone 
and  pipe. 

Is  located  on  the  left  bank  of  Missouri  River,  at  pronounced 
bend  in  river,  about  4  miles  by  railroad  below  Cascade.  It  is 
about  170  feet  frvm  water's  edge  and  about  1,000  feet  i^m  the 
Great  Northern  Railroad.  Tne  river  bank  at  this  point  is 
steep  and  about  80  feet  above  water.  Marked  by  a  stone  and 
pipe. 

Is  on  the  left  bank  of  Mlasouri  River,  at  bend  in  river,  about  7 
miles  by  railroad  below  Cascade.  The  Great  Northern  RailrcMul 
comes  dose  to  the  river  at  this  point  and  leaves  it  again.  There 
is  a  high  hill  back  of  permanent  bench  mark.    It  is  three* 

auarters  of  a  mile  below  Fort  Mountain  Creek — also  called 
[uddy  Creek — and  is  marked  by  a  stone  and  pipe. 

Is  on  the  left  bank  of  Missouri  River,  opposite  a  sharp  bend.  Just 
above  which  the  river  is  bordered  by  willows.  It  is  between 
the  Great  Northern  Railroad  and  river,  about  2,100  feet  from 
water's  edge,  and  about  1,100  feet  eaHt  or  Great  Northern  Rail- 
road. It  is  at  a  fence  comer,  4  feet  from  a  stone  mounment  at 
center  of  Sec.  24,  T.  0  N.,  R.  1  E.    Marked  by  a  stone  and  pipe. 

Is  on  the  left  bank  of  Missouri  River,  at  Ulm,  Mont.,  which  is 
at  a  bend  in  river  where  Great  Northern  Railroad  comes  close 
to  it.  It  is  80  feet  north  of  track,  and  in  line  with  east  end  of 
section  house,  and  05  feet  therefrom.  It  is  215  feet  from 
water's  edge,  and  marked  by  a  stone  and  pipe. 

Is  on  the  left  bank  of  Missouri  Rivor,  between  two  bends  in 
river,  about  4  miles  by  railroad  below  Ulm.  It  is  on  the  west 
side  of  a  fence  runnmg  north  and  south,  which  strikes  the 
Great  Northern  Railroad  about  1.000  feet  above  Mile-post  11 
from  Great  Falls,  Mont.  It  is  about  250  feet  from  water's 
edge,  and  about  200  feet  fh>m  edge  of  bank,  which  is  about  30 
feet  nigh,  and  steep.    Marked  by  a  stone  and  pipe. 

Is  locat^  on  the  left  bank  of  Missouri  River,  opposite  lower  end 
of  Buckshot  Island,  which  is  just  above  a  great  bend  in  river. 
The  Great  Northern  Railroad  here  comes  close  to  the  river, 
and  then  leaves  it.  Permanent  bench-mark  is  between  rail- 
road and  river,  50  feet  firom  track,  and  600  feet  (surlVice  meas- 
ure) from  water's  edge.  It  is  also  125  feet  fh>m  a  wagon  road 
running  between  raiLnoad  and  river,  and  is  3,200  feet  above 
Mile-post  6  from  Great  Falls,  Mont. 

Is  on  the  right  bank  of  Missouri  River,  on  the  nroperty  of  N.  P. 
Loberg,  about  3  miles  above  Great  Falls,  Mont.  It  is  in  a 
fence  comer,  near  a  cesspool,  and  is  about  180  feet  fh>m  water's 
edge.  Coordinates  to  permanent  bench-mark  fhim  north- 
east comer  of  house  are,  85  feet  in  direction  parallel  to  river, 
and  60  feet  in  direction  perpendicular  to  river.  Marked  by  a 
stone  and  pipe. 

Is  a  copper  bolt  leaded  vertically  in  the  upstream  end  of  cap  stone 
of  pier  at  the  end  of  third  iron  truss  nrom  right  bank  of  river 
of  the  Great  Falls,  Mont.,  highway  bridee  acres.*)  the  Missouri 
River.  This  bridge,  the  only  high  tray  Bridge  at  Great  Falls 
at  the  present  time,  is  at  the  foot  of  Fust  avenue,  north. 

Is  at  the  top  of  cap  stone  of  gate  pier  at  north  end  of  dam  built 
bv  the  Great  Falls  Power  and  Townsite  Company  at  !Uaok 
Eagle  Falls,  about  8|  mQes  below  railroad  bridge. 

Is  located  on  the  left  bank  of  Missouri  River,  opposite  the  Union 
Lead  Smelter,  about  2  miles  below  the  dJam  at  Black  Sagle 
Falls.  It  is  about  25  feet  from  bank  which,  at  this  point,  is 
nesriy  perpendicular  and  about  25  feet  high.  'M'm-fi^  by  • 
stons  and  pips. 


8,400.57s 


3,376.810 


3,368.794 


3,361.503 


3,34L443 


3,328.525 


8,321.839 


3,824.737 


3,445.907 


3,411.242 


3,308.001 


3,305.363 

3,202.28( 
8,24£.55S 
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DescripikniB  tmd  eHevationa  of  permanent  bench-marks,  Missouri  River,  etc, — Cont'd. 


Nmnber. 


Description. 


Hevatton. 


an  (Crooked  Falls). 


46. 


47  (Tbe  Great  Falls). 


43  (Portage Coulee). 


49  (High  wood  Ci-eek) 


50  (Huntsburger's 
Haucb) 


51 


ri2(f;iI.sinrsTl5infb). 


I 


53  (Cottonwood  Bottoui) 


Is  loeated  on  tbe  left  bank  of  Missonii  Biver,  opposite  the 
upper  end  of  Crooked  Falls.  It  is  about  175  feet  Irom  bank, 
wnioh,  at  this  point,  is  perpendicular  and  aboat  60  feet  high. 
Marked  by  a  stone  and  pipe. 

Is  located  on  the  left  bank  or  Missouri  Biver,  about  2  milea  be- 
low Crooked  Falls.  It  is  oppoaite  the  upper  end  of  the  larger 
of  two  small  islands,  which  are  about  4  feet  high  and  covered 
with  bushes.  It  is  about  60  feet  from  edge  of  oank,  which  is 
here  about  60  fiset  high.    Marked  by  a  stone  and  pipe. 

Is  located  on  the  left  bank  of  Missouri  River,  about  1,600  feet 
below  the  Great  Falls,  which  are  12  mUea  below  Qreat  Falls 
City,  Mont.  It  is  on  a  rocky  cliff  about  100  feet  above  the 
water,  Is  about  60  feet  trom  edge  of  cliif,  and  about  80  feet 
from  a  wagon  road  that  winds  from  the  top  of  hill  past  the 
house  at  present  occupied  by  Mr.  Fitch  to  water's  edge.  Per- 
manent bench-mark  Is  a  copper  bolt  leaded  vertically  mto  aolid 
rook. 

Is  on  the  right  bank  of  Missouri  River,  &|  miles  below  the  Great 
Falls,  and  800  feet  above  the  lower  end  of  a  flat  about  100  feet 
wide  and  one>half  of  a  mile  lone.  There  la  a  fall  of  2  to  S  feet, 
and  a  rock  bar,  about  800  feet  oelow  permanent  bench-mark. 

^  It  Is  one-half  of  a  mile  below  the  dry  mouth  of  Belt  Creek, 
where  there  are  bad  rapids  and  a  rock  bar.    On  the  opposite 
bank  there  ia  low  ground  for  a  mile  or  more  down  to  pomt  op- 
posite pennanent  oenoh-mark.    Marked  by  a  stone  and  pipe ; 
1}  miles  above  Portage  Coulee. 

Is  about  three-quarters  of  a  mile  below  ranch  of  John  Smith,  and 
about  1  mile  above  ranch  of  W.  T.  Blevlna ;  on  the  left  bank, 
about  1  mile  above  Hishwood  Cr^k,  400  feet  from  water's 
edge,  midway  between  river  and  foot  of  hillH ;  on  a  flat  about 
one-third  of  a  mile  long  and  15  to  20  feet  above  the  river;  op- 
posite a  point  on  Great  Northern  Railroad  about  3  miles  north 
of  BBrtage  Station.    Marked  by  a  stone  and  pipe. 

Is  on  the  ranch  of  John  Hunt8l>erffer,  on  left  bank  of  Missouri 
River,  about  2  miles  below  an  island  (1,800  feet  long  and  400 
feet  wide).  Ranch  is  on  bottom,  about  1|  miles  long  and  1,000 
feet  wide,  and  15  to  20  feet  above  the  river.  Permanent  beach- 
mark  three-flfths  of  a  mile  above  shanty  on  Hnntzberger's 
Ranch,  and  is  also  about  1^  miles  above  ranch  of  Winnie  Evans, 
and  la  oppoaite  a  point  on  Great  Northern  Railroad  about  2 
miles  south  of  Sydney  Section-house.  Tbe  river  here  is  about 
350  feet  wide,  and  on  opposite  shore  is  a  blufl'  bank  50  to  160 
feet  hiffh,  backed  by  huls  of  same  height.  On  the  left  bank, 
back  01  bottom,  the  hiUs  are  of  the  same  height.  Permanent 
bench-mark  is  marked  by  a  atone  and  pipe. 

Is  on  the  left  bank  of  Missouri  River,  about  one-half  of  a  mile 
below  a  large  island  (1,700  by  800  feet) ;  about  1,000  feet  be- 
low the  upper  end  or  a  bottom  about  one-half  mile  long  and 
1.000  feet  wide  which  is  from  10  to  15  feet  above  the  river, 
about  120  feet  £rom  water's  edge  and  about  000  feet  south  of  a 
water  road  leading  trom  Great  Northern  Railroad  to  river. 
Beginning  at  the  lower  end  of  the  bottom  is  an  island  one-half 
of  a  mile  long,  and  below  this  an  island  1.200  feet  long.  Per- 
manent bench-mark  is  also  about  ]|  miles  above  the  ranch 
of  David  Brown,  and  is  marked  by  a  stone  and  pipe. 

Ir  on  the  left  bank  of  Missouri  River,  on  the  ranch  of  C.  S.  Gib- 
son, about  three-quarters  of  a  mile  above  residence  on  ranch : 
250  feet  from  water's  edge,  110  feet  west  of  an  old  shack,  uiitl 
about  10  miles  by  river,  or  about  8  miles  by  shortest  rMLd,  above- 
Fort  Benton,  Mont.    Marked  by  a  stone  and  pipe. 

Is  on  the  left  bank  of  Missouri  River,  onposite  Cottonwood  Bot 
torn,  about  5  miles  by  river  or  3^  muee  by  road,  above  Fort. 
Benton,  Mont.    It  is  at  the  upper  end  of  the  ranch  of  Jefl'. 
DeveriU.  about  five-eighths  of  a  mile  above  dwelling  on  raiuli 
and  226  feet  troax  water's  edge.    Marked  by  a  stone  and  pipe. 


8,106.520 


3, 133. 090 


2, 900. 681 


2,770.346 


2, 743. 87C 


2,712.211 


2,68R.380 


r.;i.<;,:i 


_,    Int.).     i  ,.J 
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Appendix  A  3.    ' 

•aknttal  rrpoiit  op  mr.  o.  b.  whrelkr,  assistant  enoinkrr,  1891- 

Missouri  Rivrr  Commissiox, 

St  L^uiSf  Mo\y  June  30,  1891, 

Sir:  I  have  the  honor  to  suhmit  the  following  report  on  the  field  work  and  reduc* 
lions  of  the  secondary  triangulation  of  the  Missouri  River  during  the  season  of  1890, 
together  with  the  rednctions  of  work  done  in  1889  not  before  reported: 

FIELD  WORK,  1890. 

The  field  work  tinder  my  charge  was  to  complete  the  triangulation  between  the 
closing  of  Assistant  Engineer  G.  A.  Marr's  work  at  Sioux  City,  Iowa,  in  1889,  and 
the  beginning  of  my  work  in  1886-^87  at  Fort  Leavenworth,  Kans.,  being  a  river 
diKtance  of  dS  miles. 

In  accordance  with  your  instructions,  I  left  St.  Louis  on  June  16.  The  two  quar- 
ter boats,  Nos.  7  and  8,  on  the  bank  3  miles  above  Sioux  City,  were  reached  and 
turned  over  to  me  on  the  18th.  On  the  morning  of  the  19th  Capt.  C.  B.  Tilden  ar- 
rived from  Mandan,  N.  Dak.,  with  quarter  boats  Nos.  5  and  6,  which  he  turned  over 
to  me,  after  assisting  to  launch  (quarter  boats  Nos.  7  and  8.  On  the  21  st  the  four 
quarter  boats  were  dropped  to  Sioux  C*ity,  and,  on  Monday,  the  23d,  Nos.  7  and  8 
were  turned  over  to  Assistant  Engineer  D.  W.  Wellman. 

Oil  July  9  work  was  completed  to  Onawa,  Iowa,  working  with  a  reduced  force, 
when  Assistant  Engineer  R.  F.  Grady,  who  hail  been  detained  on  special  surveys  in 
>fiHHouri,  arrived,  and  on  the  10th  Assistant  Engineer  O.  H.  B.  Turner,  who  h^l 
been  the  observer  up  to  this  time,  with  Recorder  J.  W.  Woermann,  left  to  assist  Mr. 
Marr  in  Montana. 

The  organization  of  my  party  was  then  as  follows,  the  second  observer  being  As- 
sistant Engineer  C.  W.  Williams: 

On  ouarter  boat  No.  5:  myself,  1  rodman,  1  mate,  1  cook,  1  foreman,  1  boatman, 
and  3  laborers. 

On  quarter  boat  No.  6 :  2  ol)Bervers,  2  recorders,  2  rodmeii,  1  mate,  1  cook,  1  boat- 
man, and  6  laborers. 

Mr.  Turner  had  used  the  Troughton  &  SinuuH  non-repeat  nig  lO-iiu-h  theodolite  No. 
1,  which  Mr.  Williams,  observer  on  the  right  bank,  continued  to  use.  Mr.  Grady 
used  on  the  left  bank,  the  Troiighton  &.  Simius  12-inch  repeating  theodolite,  but 
treated  it  as  a  non-repeater.  Eight  combined  results  were  obtained  as  the  measure- 
ment of  an  angle,  and  the  angle  closing  the  horizon  was  measured.  The  theodolites 
were  generally  mounted  on  the  large  portable  tripods,  but  in  two  cases  timber  Bta> 
tious  were  found  necessary.  The  targets  were  gene|;'ally  raised  above  the  observer 
on  a  timber  frame,  and  were  always  concentric  with  the  station.  A  quadrilateral 
svHtem  of  triangulation  was  obtained  throughout,  and  85  per  cent,  of  the  triangles 
cioMed  within  the  primary  limit  of  3''  before  adjustment. 

Measurements  of  the  Blair  base,  near  Blair^  Nobr.,  2\  miles  in  leneth,  were  made 
on  two  consecutive  evenings,  with  results  differing  but  eight-hundred ths  of  an  inch, 
or  I  in  2,000,000.  On  four  nights,  observations  on  Polaris  at  eastern  elongation, 
with  the  necessary  time-star  observations,  were  ma4le  for  the  azimuth  of  A  we^t 
base  from  A  east  base.  Theodolite  Troiighton  &  Simnis  10-iiieh  No.  1  was  used,  and 
the  level  correction  was  eliminated  by  alternating  direct  observations  on  Polaris 
with  its  image  from  an  artificial  horizon — a  method  much  to  be  commended  when 
the  inercnry  is  not  disturbed  by  wind  or  local  disturbances.  The  first  night's  work 
was  rejected,  on  account  (jf  the  high  wind  and  bad  conditions. 

Itl^SlTMfc   OF   FIKL1>  WORK. 

Secondary  stations  built 68 

S<^condary  stations  occupie<l 72 

Tertiary  stations  located 24 

Tertiary  stations  occupied 1.5 

Angles  measured  in  main  system 285 

Angles  measured  to  locate  other  points 15C 

Buildings,  land  survey  marks,  etc.,  connected  with 79 

Azimuth  observations,  number  of  nights A 

Base  lines  measured 1 

MUeB  of  river  covered 38r 
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BEDUOnON  OF  WOBK  OF  1889,  TROVKB  POINT  TO  BISMARCK. 

(For  tlie  report  on  the  field  work  and  the  redaction  of  the  Buford  hase,  see  the 
Chief  of  Engineers'  Report  for  1890,  page  3398.) 

The  reduction  of  this  %ork  was  about  completed  one  year  ago,  but  it  was  thought 
best  not  to  publish  it  until  a  connection  was  made  with  the  triangulation  in  Mis- 
souri and  a  tinal  initial  latitude  and  longitude  adopted  for  the  whole  river.  The 
method  of  reduction  is  continued  as  e^xplained  in  former  reports.  The  individual 
angles  were  tabulated  and  an  adjustment  for  closing  the  horizon  made,  and  then  the 
locally  adjusted  angles  were  treat-ed  as  the  observed  angles,  each  adjustment  being, 
generally,  for  a  simple  quadrihitoral. 

The  number  of  such  adjustments  between  the  Trover  Point  base  and  the  Buford 
base  was  22,  and  the  uuniber  between  the  Buibrd  base  and  the  Bismarck  base  was 
27.  In  the  total  49  adjnstmentj*  tht  re  were  439  angles  entering,  and  the  corrections 
to  these  lie  as  follows : 

Between  0'' and  1" 286 

Between  1"  and  2" 119 

Between  2'' and  3" 30 

Between  3"  and  4". 3 4 

The  computation  of  the  trian^plation  from  Trover  Point  to  Fort  Buford  was 
through  46  triangles,  and  the  axial  distance  was  193  miles;  and  the  computation 
from  Fort  Buford  to  Bismarck  was  through  61  triangles,  and  the  axial  distance  was 
220  miles. 

The  observed  azimuth  at  Fort  Buford  agreed  with  that  by  computation  from  Tro- 
ver Point  within  less  than  one  second,  and  was  about  the  mean  of  the  computed  from 
Fort  Benton  and  Trover  Point;  and  the  measured  Buford  base  was  greater  than  that 
computed  from  Trover  Point  by  twenty-three  himdredths  of  a  foot,  or  1  in  50,000 
paxto  of  the  base.  The  observed  azimuth  at  Bismarck  was  13^^84  less  than  that 
computed  from  Fort  Buford ;  and  the  measured  Bismarck  base  was  less  than  that 
computed  from  Fort  Buford  by  2.15  feet,  or  1  in  7,500  parts  of  the  base. 

The  results  for  observed  azimuth  at  Fort  Buford  and  Bismarck  are  found  in  table 
of  azimuths,  Appendix  A  4,  and  tables  of  the  final  results  of  the  triaugulation  are 
found  in  Tables  III  and  IV,  Appendix  A  4. 

BBDUGTION  OF  WORK  OF  1890,   SIOUX  CITY  TO  FORT  LEAVENWORTH. 

The  method  of  reduction  was  the  same  as  that  just  given,  or  referred  to.  The 
number  of  adjustments  from  the  line  A  Round  Cap  -  A  Emerson,  near  Sioux  City, 
upon  which  line  Mr.  Marr  closed  in  1889,  to  the  Blair  base  system  was  6;  and  the 
nnmber  below  to  the  line  A  Weston  —  ^  Sheridan,  where  the  work  of  1886-'87  began, 
was  27.  In  the  total  .33  adjustments  there  were  285  angles  entering,  and  the  correc- 
tions to  these  lie  as  foll.iws: 

Between  0'' and  1" 200 

Between  V  and  2" 68 

Between  2"  and  3" 15 

Between  3"  and  4''.3 2 

* 

The  computation  of  the  triaugulation  from  Running  Water  base  to  the  Blair  base 
system  was  through  thirty-four  triangles  and  an  axial  distance  of  155  miles;  and 
from  the  Blair  base  to  the  line  A  Weston— A  Sheridan,  was  through  fifty-six  trian- 
gles and  an  axial  distance  of  189  miles. 

The  observed  azimuth  iit  the  Blair  base  was  6.20''  less  than  tliat  computed  from 
the  Running  Water  base;  and  the  measured  length  of  Blair  base  was  greater  than 
that  computed  from  either  the  Running  Water  base  or  the  Beverly  base  near  Fort 
Leavenworth  by  seven-tenths  of  a  foot,  or  1  in  18,400  parts  of  the  base. 

Tlie  results  for  observed  azimuth  at  the  Blair  base  are  herewith  appended,  and  the 
^eduction  of  the  Blair  base  is  found  in  Table  of  Azimuths,  Appendix  A  4;  and  tables 
•f  the  final  results  of  the  triaugulation  are  found  in  Tables  VII  and  YIII,  Appendix 
l4. 

Very  respectfully,  your  obedient  servant, 

O.  B.  Wheeler, 
AM»i8tant  Engineer, 

First  Lieut.  J.  C.  Sanford, 

Carps  of  EngifieerSf  if.  JS.  A., 

Secretary  Missouri  River  Commission, 
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BCBABUBXMBNT  OF  THS  BLAIR  BAi$B. 


The  two  measitrements  of  the  Blair  base  are  ezpieeaed  by  the  following  eqaatioos: 

(1)  43  T  +  (K.eOOe  +  0'.6667  +  C.Sie? — 0'.0199 — (V. 0023  =  12,903'.2180. 

(2)  43  T  +  0'.e674  +  0'.6667  +  0'.2592 — 0'.0199 — 0'.0047  — 12,903'.2246. 

Where 

rUr$i  term  ia  number  of  tapes  multiplied  by  the  length  of  tape  at  62^  F.  (Where  T 
s  300.03851  feet.    See  Report  for  1^,  p.  2760. ) 

Second  term  is  temperature  correction  to  reduce  43  tapes  at  tape  temperature  to  62^ 
F.(  Where  ooefflcient  of  expansion = 0.00000637  for  V>  F.    See  same  reference.) 

Third  term  is  distance  set  forward  on  zincs. 

Fcwrik  term  is  distance  between  the  end  of  last  tape  and  A  west  base. 

I\ftk  term  is  correction  for  inclination  of  tape. 

S&tk  term  is  the  correction  for  sag,  where  one  supporting  stake  was  missing  in  first 
measurement  and  two  (not  consecutive)  were  missing  in  second  measurement. 

The  second  member  is  the  corrected  independent  result  for  eadii  measurement. 

The  mean  of  the  two  measurements  =  12,903' .2213  ±  0^.0022. 

Reduction  to  sea  level  for  1,016' .3  elevation = —     0^.6262 


Blair  base  reduced  to  sea  level 


=  12,902'.6961  :t  0^.0022. 


Blair  ha»e, — Temperaiuree  dwring  measnremente. 


"So.  of  tape. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


First  measare- 
ment. 


Time, 

July  25, 

1890,  p.  m. 


A.  Yli. 

7    10 

16 

18 

20 

22 

24 

26 

27J 

29 

32 

34 

36 

87 

39 

40J 

4:< 

44i 

53 
55 
57 

58 


Ther- 
moin- 
etcr, 
5114. 


Seoond  roeMore- 
meut. 


Time, 

July  26, 

]890,'p.m. 


o 

74.8 
74.0 
74.4 
74.8 
74.6 
74.8 
73.6 
73.8 
73.0 
72.4 
7L6 
71.2 
71.0 
71.0 
71.4 
71.0 
71.0 
70.6 
71.0 
68.4 
08.5 
69.0 
68.4 


h. 

7 


m. 

14 

16 

18 

20 

22 

24 

26 

28 

80 

8U 

83 

86 

87| 

40 

4H 
48 

45 

47 

40 

52 

53 

55 

57 


Ther- 
innni-  i 
eter,  • 
5114.    I 


o 

74.0 

74.2 

74.2 

74.2 

74.0 

73.9 

73.6 

72.2 

71.8 

72.0 

72.4 

72.7 

71.8 

71.6 

71.2 

71.2 

71.6 

71.0 

70.4 

60.4 

70.0 

69.1 

69.9 


No.  of  tape. 


24 

p.  m. 

8  00 
01 
04 
09 
10 
12 
15 
17 
19 
21 
22 
24 
26 
29 
31 
32i 
34 
36 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

:J5 

36 

37 

38 

30 

40 

41 

42 

43 

Mean  . 

First  moasvie- 
meai. 


Time, 

July  25, 

1880,  p.  m. 


Ther^ 
mom* 
eter, 
5114. 


o 

67.1 
67.1 
65.0 
64.9 
64.6 
64.7 
64.2 
63.4 
66.2 
66.6 
66.4 
66.6 
65.2 
65.0 
64.6 
61.6 
65.3 
64.8 
65.6 
66.1 


Second 
men! 


Time, 

Jnly2a, 

1880,  p.  m. 


08.78 


8 


68 
00 
04 
06 
08 

s» 

18 
16 

19 
21 
22 
24 
26 
28 
80 
34 
86 
39 


Ther^ 


eter, 
5U4. 


69.0 
68L8 

66l4 
012 
66.5 
66.4 
66.2 
66.0 
66.8 
66wO 
66lO 
66.8 
67.5 
66.8 
67.3 
68.8 
6S.3 
66.2 
06.2 
66.6 


69.58 


Ebmabks.— Thermometer  No.  5101  was  broken  in  an  endeavor  to  cloae  the  broken  oohmm  of  mereary. 
Thermometer  No.  5114  was  at  the  middle  of  the  tsLpB  and  read  independently  by  two  obflerrrra,  the 
mean  of  the  readings  beinjEC  the  one  hore  j^von.  Tho  correction  to  tnermometer  reading  is  less  tiuui 
one-tenth  of  a  degree  and  is  not  applied.    (See  Koport  for  1890,  page  3402.) 
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Blair  hose, — Corrections  for  incHinaHon  of  tape. 


"So.  of  stake. 


AE.B... 
ZincB.B 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22.. ...... 


Elevar 
tion. 


Ftet. 

15.05 

16.66 

15.60 

16.36 

16.05 

15.68 

15.21 

14.57 

14.64 

14.50 

15.91 

16.34 

16.91 

16.22 

15.32 

14.07 

18.87 

14.59 

14.00 

14.37 

13.45 

13.02 

11.96 

12.15 


Diflfer.    ! 

enceB  of  ' 

olevation. 


Correc- 
tion 


Feet. 


Ftet. 


-1.05 
+0.75 
-0.30 
-0.37 
-0.47 
-0.G4 
+0.07 
-0.14 
+1.41 
+0.43 
+0.57 
-0.69 
-0.90 
-1.25 
+  0.20 
+0.72 
-0.69 
+0.37 
-0.92 
-0.43 
-1.04 
+0.17 


0.0018 
0.0001 
0.0001 
0. 0002 
0. 0004 
0.0007 
0.0000 
0. 0000 
0.0034 
0. 0003 
0.0005 
0.0008 
0.0014 
0.0026 
0.0001 
0.0009 
0.0006 
0.0002 
0.0014 
0.0003 
0.0018 
0.0000 


No.  of  stake. 


23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Zinc  W.B 
AW.B.... 


Total  ooTTection . .'  i 


Eleva- 
tion. 


Feet, 
11.66 
11.66 
11.58 
11.29 
11.18 
10.88 
10.99 
11.14 
10.72 
10.90 
11.00 
10.96 
11.08 
11.09 
10.88 
10.81 
10.64 
10.03 
9.57 
9.60 
9.24 
7.59 


Differ- 

ences  of 

elevation. 


Fut, 

-0.49 

-0.06 

-0.02 

—0.29 

-O.U 

-0.80 

+0.U 

+0.16 

—0.42 

+0.18 

+0.10 

-0.04 

+0.12 

+0.01 

-0.20 

-0.08 

-0.17 

-0.61 

-0.46 

+0.03 

-0.86 


Correo- 
tion. 


F€€t, 

0.0004 
0.0000 
0.0000 
0.0001 
0.0000 
0.0001 
0.0000 
0.0000 
0.0008 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0006 
0.0004 
0.0000 
0.0002 


-0.0180 


BXMABKR.— Elevatione  are  al»ove  the  water  sarfare  of  the  Miaaonri  River  at  noon  of  July  iS^,  1890,  at 
a  point  opposite  "  B.  M.  27  "  (or  440  (27)  of  report  1888).  >yater  surface  was  12.602  feet  on  above  date 
below  this  B.  M.  B.  M.  27  =  602.256  feet  above  the  St.  Louis  directrix,  or  =  1,016.00  above  sea.  The 
mean  elevation  of  the  banc  lino— zinc  E.  B.  to  zinc  W.  B. —  =0.314  feet  above  B.  M.  27;  or  mean  el0v»> 
tion  of  base  line  =1,0X5.3  feet  above  sea  level. 


Blair  base. — Measured  diffei'ences  on  stincs. 


Number  of  tape. 

First  measnrement^second 
measurement. 

Number  of  tape. 

First  meaanrement— second 
measurement. 

Readings 
on  since. 

Correction. 

Bednced. 

Readings 
on  sines. 

Correctiou. 

Reduced. 

1 

Ineheg. 
±0.00 

Inches. 

IncJiet. 

±0.00 
+0.02 

—0.01  ; 

—0.04 
+0.03 
±0.()(J 
-f0.02 
±0.00 
—0.  ftl 
—0.  02 

±o.(»:{  1 

±0.(K)  1 
+0.02  ' 

o.o:j 
0.  (rj 

0.  U2 
0.  (»5 
0.04 
0.  03 
0.07 
0.W5 
0.07 

23 

Inches. 
0.08 
0.L3 
.0.12 
-7.83 
+0.19 
0.22 
0.20 
0.18 
0.28 
0.26 
0.24 
0.32 
0.29 
0.36 
0.38 
0.49 
0.59 
0.G4 
0.65 
0.69 
0.69 

Inches. 

IneJies. 
0.08 

2    

+0.02 
-0.01 

" 

IJ4 

0.13 

3     

2.'>* 

0.12 

4 

-0.04 

+o.a3 

iO.OO 

+0.02 

±0.00 

'  -0. 01 

-0.02 

+0.03 

±0.00 

4  0.02 

0.03 

0.02 

0.02 

0.05 

0.04 

0.03 

0.07 

0.06 

0.07 

26t 

+8.00 
±0.00 

0.17 

5 

27 

0.19 

0 

28 

0.22 

7 

29  

0.20 

H     

30  

0.18 

9 

31 

0.28 

10 

32 

0.26 

11       

33 

0.24 

12 

:w 

0.32 

13 

35 

,  30   

0.29 

14 

0.36 

15 

,  37 

0.38 

16 

'  3M    

0.49 

17 

1  80 

0.59 

18 

1  40 

0.64 

)9 

............ 

41 

0.66 

20 

,  42 

0.69 

21 

43 

0.60 

22 

*  Set  ahead  8  inches  on  sine,  26  on  second  measurement, 
t  Set  ahead  8  inches  on  zinc,  26  on  first  measurement. 

RBMAfiXS.— The  readings  from  the  zinc  strips  were  made  in  the  field  before  the  strips  were  taken 
ram  tiie  stekes  and  check  readings  were  made  in  the  office  where  the  strips  are  on  file. 

A  ponctare  with  a  ftree-hand  dash  (thus  — )  marks  the  first  measorement,  and  a  puncture  with  a 
ree>nand  cross  (thus  ■  +)  marks  the  second  menBurement. 

The  sine  strips  are  of  great  a.sHiHtnncc  in  the  rapidity- of  measurement  and  they  show  the  aoeonoy 
rlth  willed  the  work  can  be  done. 
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Appendix  A  4. 

TABLES  OF  llESULTS  OF  THE  SECONDARY  TRIANGULATION  OF  TllK   Ml^SS<»UKI    KIVKR. 

NOTES  ON  THE  TABLES  OF  RESULTS. 

The  triangolatiou  of  the  Missouri  River  is  now  complete  from  the  Three  Forks  at 
Gallatin,  Mont.,  or  the  source,  to  the  month  at  the  Mississippi  River. 

The  tables  of  results,  with  sketches  and  descriptions  of  stations,  are  from  base 
line  to  base  line,  and  thus  constitute  teli  sections,  of  which  eight  are  herewith  given. 
For  the  remaining  2,  the  ninth  and  tenth  sections — ^Fort  Leavenworth  to  Glasgow  and 
Glasgow  to  St.  Louis — see  the  Chief  of  Engineer?'  Report  for  1887.  The  second  sec- 
tion, Fort  Benton  to  Trover  Point,  is  herewith  republished  from  the  same  report 
with  a  correction  of +l^'^25in  latitude  and  4-l'''27  inlongitude,  that  all  the  ten  sec- 
tions may  be  reduced  to  one  common  origin.  This  origin  is  the  Morrison  Observa- 
tory at  Glasgow,  Mo.,  the  latitude  and  longitude  of  which  are  as  given  in  ''  Publica- 
tions of  the  Morrison  Observatory,  Glasgow,  Mo.,  No.  1,  1885;^'  namely,  latitude 
39°  13'  45''.59,  and  longitude,  92^  49'  30",  the  longitude  of  Washington  from  Green- 
wich being  taken  aa  5**  08"  12*.09.  (The  approximate  latitude  and  longitude  of  thi* 
flagstaff  at  Fort  Benton,  Mont.,  were  adopted,  t^Mnporarily,  from  the  Report  of  the 
Northern  Boundary  Survey,  1878,  until  a  troiineetion  with  a  well-established  fixed 
point  could  be  made.) 

Tlie  sections  and  tablctH  are  for  extents  as  follows: 


No.  of  section 
or  table. 


I. 
II. 

ni. 

IV. 


L«M:ality. 


Axial  Icneth 

of  net  of 
triangulation. 


Three  Forks  to  Fort  Benton  . . 
Fort  Benton  to  Trover  I'oint . . . 
Trover  Point  to  Fort  Buford . 

Fort  Buford  to  Bismarck 

V 1  Bismarck  to  Pierre 

VI I  Pierre  to  Bunning  Water 

VII I  Running  Water  to  Blair 

VllI Blair  to  Fort  Leavenworth 

IX •  Fort  Leavenworth  to  (ihmjjow. 

X Glasgow  to  St.  LoiiIh    


MiU9. 


Total  axial  length 


180 
193 
220 
204 
184 
155 
1H9 
i:ct 


1,840 


•  To  mouth  of  river. 


There  were  ten  base  lines  measured  and  their  lengths,  together  with  the  closures  of 
one  upon  the  next  succeeding,  are  shown  as  follows: 

Table  of  hasrs. 


Name  of  baw*. 


Length. 


I  IWt. 

Three  Forks I  4, 800. 00 

Benton '  9, 869. 05 

Trover  Point 9, 710. 86 

Buford I  11,400.35 

Bismarek i  10, 049. 55 

Pierre I  11, 990. 89 

Knnning  Water 14. 101. 53 

B  lai  r r ,  12 ,  002 .  00 

Beverly '  7,  n.i3. 52 

GlaAgow I  7, 923. 11 

Cediir-Medlock,  U.  S.  Coaat  and  Geo<lftic  Survey 50, 604. 09 


Disoropanciea. 


In  the  ttoventh  place  of 

lognrithmH,  computed 

from  next  alwve. 


Bfttio. 


Too  large  by  654  . , 
Too  large  l»v  9MI  .. 
Too  small  by  87... 
Too  large  by  578  . , 
Too  small  by  400. 
Too  large  by  35").. 
Too  small  b'v  230., 
Tmt  large  by  229. 
Too  large  by  305  . , 
Too  large  by  199  . 


MiUs. 


in  6,ti00 
in  4.4W> 
in  50.  iiw» 
In  7,  .'•<»» 
in  10.900 
in  12,  iw 
in  18. 400 
in  18. 4«> 
in  15, 000 
in  22, 000 


These  bases  were  taken  as  absolute  and  tlu'  dis<-repancie/»  were  distributed  be- 
t\%eeu  bases  by  quadrilateralH,  NO  tliat  file  lower  lin**  of  a  <|iiadrilateral  eompute«l 
from  the  up]»er  line  may  differ  by  as  mueh  jw  25  in  the  seveiitli  place  of  logarithms 


in  some  cases. 
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The  azimuth  of  each  of  the  10  base  lines  was  observed  and  the  results  by  stars  are 
here  ^iven.  The  closure  of  one  upon  the  next  succeeding  was  generally  less  than 
the  discrepancies  in  the  results  by  nights  for  any  one  station,  and  no  attempt  was 
made  to  distribute  discrepancies  in  azimuth ;  but  the  observed  azimuth  was  aidopted 
when  arrived  at,  except  that  the  azimuth  at  Fort  Benton  was  continued  to  Fort  Bu- 
ford,  and  that  at  Bismarck  was  continued  to  Blair,  and  the  azimuth  at  Fort  Benton 
was  used  in  computing  to  Three  Forks,  and  that  at  Fort  Leavenworth  in  computing 
to  Blair. 

Taltle  of  azimuths, 

AT  THREE  FORKS,  MONTANA.     AZIMUTH  OF  LINE  A  SOUTH  BASE  TO  A  NORTH 

JJASE. 

[Inatnuneni:  Troaghtoa  &,  Simm»10>l2ioh  theodolite,  No.  2.] 


Observer. 

Star,  date,  etc. 

Result  for  star. 

Resulting 
azimuth. 

O.H.B.  Turner 

Do 

Polaris,  near  eastern  elong.,  Jnly  21, 1890 

Polaris,  near  eastern  elong.,  July  22, 1890 

Polaris,  near  eastern  elong.,  July  25, 1890 

Polaris,  near  eastern  elong.,  July  26, 1890 

O         1             II 

161    47    64.75 
161    47    55.43 
161    47    53.66 
161    47    59.33 

O         /              H 

Do 

T.  C.  Thomas 

161    47      55  79 

AT  FORT  BENTON,  MONTANA.    AZIMUTH  OF  LINE  A  EAST  BASE  TO  A  WEST  BASE 

[Instrument:  Troughton  &  Simms  10-inoh  theodolite.  No.  1.] 


D.  C.  Hnniphreys |  Polaris,  near  eastern  elong.,  July  19, 1885. 

Do [  Polaris,  near  eastrm  elong.,  July  20, 1885. 


Do 


Polaris,  near  eastern  elong.,  July  23, 1885. 


II 


73  01  04.26 
73  01  04.17 
73    01    08.76 


II 


73    01      05. 7X 


AT  TROVER  POINT,  MONTANA.    AZIMUTH  OF  LINE  A  WEST  BAST  TO  A  EAST  BAiSK. 

[Instrument:  Troughton  Sc  Simms  10-inoh  theodolite.  No.  1.] 


Bathurst Smith  .... 

l)o 

D.  C.  Humphreys. . 


Polaris,  near  eastern  elong.,  Sept.  26, 1985 

6  Ursie  Minoris,  near  west,  elong.,  Sept  26, 1885 . 
Polaris,  near  eastern  elong.,  Sept.  27, 1885 


// 


251  29  10.71 
251  29  12.11 
261    29    07.71 


M 


251    29      10.18 


AT  FORT  BUFORD,  NORTH  DAKOTA.    AZIMUTH  OF  LINE  A  WEST  BASE  TO  ▲  EAST 

BASE. 

[Instrument:  Troughton  and  Simms  lO-inoh  theodolite.  No.  1.] 


R.P*.(;rudy 

Do 

Po 

Vo 

Do 

E.E.WaU 


Polaris,  near    eastern    elong.,  Aug.  8,  1889 

(weight  2). 
Polaris,  near  eastern   elong.,  Aug.   0,   1889 

(weight  8). 
5  Ursfl)  Minoris,  near  west,  elong.,  Aug.  0, 1889 

(weight  10). 
Polaris,  near  oostem   elong.,   Aug.   10,   1889 

(weight  10). 
Polaris,  near  eastern   elong.,  Aug.  11,   1889 

(weight  10). 
Polari.s,  near  eastern   elong.,    Aug.    12,  1880 

(weight  5). 

—236 


O  /           II 

262  58  43.21 

262  58  40.85 

262  58  45.05 

262  58  43.79 

262  58  43.49 

262  ryH  40.85     2G2    58      43.04 


I 
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Table  of  azimuths — Continaed. 

AT  BISMARCK,  NOBTH  DAKOTA.     AZIMUTH  OF  LINE  A  NORTH  BASE  TO  A  SOUTH 

BASE. 

[InstrumeDt:  Trougbtun  &  Siiums  10- inch  theodolite,  No.1.] 


R.  F.  Grady. 
Do 


Polaris,  near  wcntem  clonR.,  Nov.  19, 1889. 
Polaris,  uoar  western  elong.,  Noy.  20, 1889 


u 


341  58  20.26 
341  58  27.20 


H 


341    58      26.73 


AT  PIERRE,  SOUTH  DAKOTA.    AZIMUTH  OF  LINE  A  WEST  BASE  TO  A  CEMETERY. 

[Instramfoit:  Trovghton  &,  Simms  10-incb  UieodoUte,  No.  2.] 


J.  J.  Sanders Polaris,  near  eastem  elong.,  July  29, 1889 

Do Polaris,  near  eastern  elong.,  Ang.  1, 1889  . 


ti 


It 


237    48    42.35 

237    48    43.05  i  237    48      12.70 


AT  RUNNING  WATER,  SOUTH  DAKOTA.    AZIMUTH  OF  LINE  A  SOUTH  BASE  TO  A 

KELLY. 

[Instrument :  Tronghton  &■  Simms  12-inch  repeating  tiieodolite.] 


J.  J.  Sandern  . 

d  Ursfc  Minoris,  near  western  eloug.,  Oct  16, 1 889 

(weight  1). 
51  Cepiiei,  near  eastern  elong.,  Oct.  16,  1889 

(weight  1). 
Polaris,  near  eastem   elong.,  Oct.  16,    1889 

(weight  2). 
Polaris,  near   eastem   elong.,  Oot.  17,    1889 

(weight  2). 

O          1          n 

179    10    51.06 
179    11    06.06 
179    11    1U.59 
179    11    14.62 

O           1 

179    U 

n 

Do 

Do 

Do 

07  92 

AT  BLAIR,  NEBRASKA.    AZIMUTH  OF  LINE  A  EAST  BASE  TO  A  WEST  BASE. 
[Instroment:  Tronghton  &  Simms  10-inch  theodolite.  No.  1.] 


R.F.  Grady.... 
C.  W.  Wilflams 
R,  F.  Grady .... 


Polaris,  near  eastem  elong.,  July  31,  1890. 
Polaris,  near  eastern  elnng.,  Ang.  1, 1890. . 
Polaris,  near  eastem  eloug.,  Aug.  2, 1890. . 


If 


89  55  17.22 
89  55  16.13 
89    55    20.43 


ft 


89    55      17.93 


AT  FORT  LEAVENWORTH,  KANSAS.    AZIMUTH  OF  LINE  A  AZIMUTH  TO  A  NORTH- 
EAST BASE. 

[Instrument:  Troughton  &  Simms  10-inoh  theodolite,  No.  1.] 


0.  V.  Morsereau 
Do 

Bathurst  Smith. 
Do 


8  Ursfe  minoris,  near  west,  elong.,  Oct.  7, 1866. 
6  Ursie minoris,  near  west,  elong.,  Oct.  9, 1886. 

Polaris,  nejir  eastem  elong.,  Oct.  10.  1886 

i  UriMB  minoris,  near  west,  elong.,  Oct.  10, 1886. 


0  I  II 

265  39  62.33 

265  39  51.84 

265  39  52.15 

265  39  53.58 


M 


265    39      52.35 


AT  GLASGOW,  MISSOURI.    AZIMUTH  OF  UNB  A  GLASGOW  TO  A  EAST  BASE. 
[Instrument:  Troughton  &>  Simms  10-inch  theodolite,  No.  2.] 


O-T-Mersereaa. 

Do 

Do 


Polaris,  near  western  elong.,  Nov.  9, 1885 

6  Urme  minoris,  near  west,  elong.,  Nov. 10, 1885. 
51  ('ephei,  near  eastern  clong.,^ov.  10,  1885.. 


10 


25  04  10.44 
25  04  10.77 
25    04    08.02 


M 


25    04      09.74 


mm 
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Tablb  L^Tahulated  r»ult8  of  seoon^ry  WiangulaiiMi  from  Three  Forks  to  Fori  Benton^ 

Mont, 

[  Asimuths  and  dUtancet  are  in  the  order  of  stations,  first  to  second,  second  to  third,  and  third  to  first, 

in  each  triangle.] 


Station. 


Sonth  base . 
North  base. 
GaUatin.... 

North  base . 
GalUtin.... 
Campbell .. 

Gallatin.... 
Campbell  ■ . 
Cedar  Hill.. 

Campbell  .. 
Cedar  HiU.. 
Spring 

Cedar  Hm. 

§>rin|f 
nntley.... 

Si 


O        I        // 

49  28  55. 19 

94  54  52. 80 

35  36  09.00 

38  4145.32 
92  32  34.60 
48  45  41.90 

09  46  25.05 

57  25  46. 19 
52  47  51.82 

68  38  12.85 
63  54  33.54 
47  27  12. 19 

65  48  34.85 
71  54  06.71 
42  17  18.66 

78  05  41. 58 
65  24  33. 81 

36  28  45. 15 

60  54  52.96 

58  56  36.96 
60  08  28.67 

78  05  09. 82 

46  48  21. 82 

55  06  32. 58 

42  07  41. 65 
60  35  55.76 
77  16  21.48 

65  33  44.49 
67  08  22.47 

47  17  55. 98 

31  50  12.18 

66  48  34.19 
81  21  12. 79 

100  23  43. 26 

48  42  26.12 
30  68  52.01 

88  24  82.88 
76  30  15. 19 
65  05  14.12 

39  50  10. 23 
83  14  33.99 

56  55  14.64 

70  14  25. 71 

67  29  15.42 
42  16  19. 05 

Toston !  73  13  54.10 

57  03  25. 01 

49  42  39.70 

55  11  50.34 
45  32  07. 31 


Lnntley. 
Seattle.. 

Hnntley. 
Seattle.. 
Clark  ... 

Seattle... 
CUirk  ... 
Sawyer.. 

Clark  ... 
Sawyer.. 
Hagpie  . 

Sawyer.. 
Magpie. 
Finiwcle 

Magpie  . 
Pinnacle 
Carolna  . 


Pinnacle 

Caiolus 

Painted  Bock . 

Carolns 

Painted  Bock . 
LoneBnsh 

Painted  Bock . 

lioiie  Bush 

Toston , 


Painted  Book 

Toeton *.. 

Doughwiy 


Observed 
angle. 


Doagherty 
Beeves 


Dongherty 
Beeves 


Howard !  79  16  05.95 


Howard.... 

Beeves 

Hossfeld ... 

Beeves 

Hossfeld  . . . 
Peep  Creek 

Hossfeld . . . 
Deep  Creek 
Briage 

De«»p  Creek 

Bridge 

Marks 


Bridge  ... 
Marks  .... 
Beed , 


Marks 

Beed 

Duck  Creek . . 

Dnck  Creek . . 

Reeil 

Confederate.. 

'*:€*d 

onfcderate . . 
eaverCrvok. 


72  00  39.32 

47  24  86. 59 
60  34  44.90 

50  35  43.39 
80  20  39. 67 

48  57  34. 66 

56  54  52. 84 

71  55  37. 34 

51  09  29. 17 

64  50  19. 58 
70  22  36. 18 
44  47  04. 85 

56  28  54.80 
63  56  U8. 51 

59  34  58. 70 

52  43  53. 61 
30  10  07. 38 
91  05  58. 53 

72  27  23.99 
47  31  44. 94 

60  00  51.01 

37  24  55.82 
43  04  01.35 
99  3102.34 


Adjusted 
angle. 


// 

56.32 

53.80 
09.88 

46.54 
33.93 
40.53 

24.08 
44.91 
51.01 

15.17 
32.90 
11.93 

35.24 
06.31 
18.45 

41.39 
83.35 
45.26 

52.14 
37.78 
30.18 

08.12 
21.00 
30.79 

41.68 
66.26 
22.06 

43.22 
21.51 
55.27 

U.87 
34.79 
13.34 

42.48 
25.41 
62.11 

32.18 
14.89 
12.93 

10.55 
34.63 

14.82 

26.16 
14.60 
19.24 

54.65 
26.24 
39.11 

49.75 
06.09 
04.16 

39.06 
36.53 

44.41 

43.96 
40.37 
35.67 

53.17 
37.68 
29.15 

19.47 
35.91 
04.62 

53.54 
08.96 
57.50 

53. 59 
07.74 
58.67 

24.02 
45.02 
50.96 

55.39 
02.05 
02.56 


Aximnth. 


o   /  // 
161  47  52.36 
246  52  43. 32 

31  17  32. 03 

246  52  43.32 

159  26  15.84 

28  11  87.76 

159  26  15. 84 

282  00  12. 32 

49  13  22. 37 

282  00  12. 32 

165  55  46. 28 

33  22  39. 02 

165  55  46. 28 

274  01  20.77 

51  45  49. 10 

274  01  20.77 

159  27  40.02 

15  56  24.33 

159  27  40. 92 

280  30  01. 31 

40  24  25.88 

280  30  01.31 

147  21  17. 14 

22  25  53.47 

147  21  17. 14 

266  43  26.38 

9  29  30. 07 

266  43  26. 38 
153  54  13. 68 

21  10  49. 31 

153  54  13.68 

267  04  19. 22 
5  44  42.40 

267  04  19.22 
135  48  2L 17 

346  40  04.10 

135  48  21. 17 
239  15  57.08 
354  12  33. 33 

239  15  57. 08 

142  82  20. 92 

19  26  36. 63 

199  25  46.52 
86  55  51. 25 

309  08  39.99 

86  55  51.25 
209  48  54.45 
340  08  27. 10 

200  48  54.45 
75  23  12. 36 

334  35  42. 17 

255  19  37. 98 

122  47  48. 02 

3  19  09. 74 

122  47  48. 92 
222  17  44. 88 
353  22  56.43 

222  17  44. 68 
114  16  09. 87 

345  21  35.04 

114  16  09. 87 

223  49  29.87 
359  06  23. 83 

223  49  29. 87 
11)7  49  37.  55 

347  19  17.54 

107  49  37. 55 
251  34  12. 18 
340  32  25. 59 

71  38  24. 30 
204  02  27. 12 
324  03  35.45 

204  02  27. 12 
67  08  28. 53 

346  36  44.81 


Distance. 


Feet. 
4,799.997 
6,267.99 
8, 214. 81 

6,267.99 
5,211.19 
8,827.22 

5, 211. 19 
6, 139. 12 
5, 513. 61 

6, 139. 12 

7,760.44 
7,483.82 

7,760.44 
10, 520. 67 
10,962.85 

10,620.67 
17,308.29 
16, 084. 46 

17,808.29 
17,440.65 
17,096.79 

17,440.65 
20, 804.  87 
15,501.50 

20, 804. 87 
14, 307. 21 
18,581.85 

14,307.21 
17,724.10 
17,939.07 

17, 724. 10 

9,456.88 

16, 479. 30 

,  9,456.88 
18,113.94 
113,836.93 

118,113.94 
12, 408. 21 
1 19, 420. 91 

|l2, 408. 21 
I  9,486.20 
14,705.54 

'l4,705.54 
20,574.76 
20, 196. 07 

20, 574. 76 
,25, 826. 11 
22. 636. 14 

25,826.11 
21,583.80 
18,759.68 

21,583.80 
23, 568. 18 
18,243.10 

23, 568. 18 
24, 144. 09 
30, 813. 61 

24,144.09 
25, 972. 37 
29,469.11 

25, 972.  37 
33, 370. 84 
34,727.98 

.S3, 370. 84 
32,  262. 07 
34,761.70 

32, 262. 07 
25,  U79. 01 
19, 043. 50 

25,  679. 01 
28,  268. 41 
21,868.60 

28,268.41 
17,415.22 
19,572.67 


Metret. 
1, 463. 026 
1, 910. 47 
2,  503, 85 

1,910.47 
1, 588. 36 
2,538.11 

1,588.36 
1, 871. 18 
1, 680.  53 

1,871.18 
2,365.36 
2, 281. 05 

2,365.36 
3,206.67 
3,341.44 

3,206.67 
5, 275. 52 

4. 902. 50 

5,275.52 
5, 315. 86 
5,211.05 

5, 315. 86 
6, 341. 26 
4, 724. 81 

6, 341. 26 
4, 360. 80 

5. 663. 70 

4, 360. 80 
5, 402. 25 
5, 467. 78 

5,402.25 
2, 882. 43 
5,022.85 

2. 882. 43 
5,  521. 08 
4, 217. 46 

5,  521.  08 
8, 781. 99 

5. 919. 44 

3, 781. 99 
2,891.37 
4,482.21 

4.482.21 
6, 271. 13 

6. 155. 71 

6, 271. 13 
7,871.73 
6,899.43 

7,871.73 
6, 578. 68 
5,717.90 

6, 578. 68 

7. 183. 51 
5,560.45 

7, 183. 61 
7, 359. 05 
9,391.90 

7,359.05 
7, 916. 31 

8. 982. 10 

7,916.31 
10,171.34 
10, 584. 99 

10, 171. 34 

9, 833. 39 

10, 595. 27 

9. 833. 39 
7, 826. 89 

5. 804. 40 

7,826.89 
8,616.13 
6,665.46 

8,616.13 

5. 308. 11 
5,965.60 


Latitnde. 


o     i       n 

45  54  58.35 
45  55  43.36 
45  56  07. 65 


45  56  55.82 


45  56  43.20 


Longitude. 


O  ■   '         II 

111  29  43. 63 
111  30  04.84 
111  28  43. 28 


HI  29  09. 18 


111  27  44. 22 


45  57  57.52  .  Ill  28  10.92 


45  57  50.20 


46  00  80. 20 


46  50  58. 75 


46  02  51. 66 


46  02  59.68 


46  05  36.80 


46  05  41.54 


46  07  40.71 


46  08  52.28 


46  10  06.61 


46  09  55.63 


46  13  36. 79 


46  12  42.93 


46  15  42. 71 


46  18  38.94 


46  20  24. 18 


46  24  21. 71 


46  25  58.97 


46  27  18.96 


46  80  13.77 


46  20  06.93 


Ul  25  42. 38 


lU  27  08. 30 


111  23  05.51 


111  25  44. 60 


111  22  22. 11 


111  24  12.72 


11121  58.72 


111  24  57.90 


HI  22  26. 53 


HI  23  48. 50 


lU  28  40.36 


111  25  87. 74 


111  80  84.60 


Ul  80  19.67 


111  26  28.25 


111  82  05.67 


111  26  35.96 


111  33  54.40 


111  28  06.48 


111  81  09.70 


in.34  50.00 


3764      REPORT  OP   THE   CHIEF   OF  ENGINEERS,  U.  8.  ARMY. 
Tablb  I,— 'Tabulated  resulU  of  wcondary  trianffulatUm,  dto. — Continued. 


Stotion. 


BeATW  Creek — 

Oonfedente 

Sqolrw 

Confedemte 

Squires 

G«ary 

Gteary 

iSauiree 

Blackwell 

Squires 

Blackwell 

Degsn 

BlaokireU 

Dogan 

Maxwell 

Degan 

Maxwell 

Canyon  Ferry... 

Maxwell 

Canyon  Ferry.., 
Fnller 

Canyon  Ferry 

Fuller 

Stubbs 

Fuller 

Stubbs 

El  Dorado 

Stubbs 

El  Dorado 

Prickly  Pear. . . . 

Prickly  Pear 

£1  Dorado 

HUger 

El  Dorado 

,  Hilger 

American 

Hilger 

American 

B.T.  Mountain.. 

American 

B.T.  Mountain.. 
Willow  Cieek... 

B.  T.  Mountain . . 
Willow  Creok... 
Ox  Bow 

Willow  Creek... 

Ox  Bow 

Mitier 

Ox  Bow 

Mitier 

Wolf  Creek 

Miller 

Wolf  Creek 

Bock  Creek 

Mitier 

Bock  Creek 

Wagner 

Bock  Creek 

Wagoner 

Craig 

Wa^er 

Craig 

Stickney 

Craig 

Stickney 

Sugar  Loaf. ..... 

Sugar  Loaf 

Stickney 

Hardy 

Stickney 

Hardy 

Sheep  CrcHtk 

Hardy 

Sheep  Creek 

Cascade 

Sheep  Creek 

Cascade 

8t  Clair 


Obssrred 
angle. 


Adjusted 
angle. 


o 
93 
42 
44 

4« 
76 

82 
55 
42 


// 


15  45.88 
36  41.57 
07  82.49 

35  48.50 

41  1L98 

42  59.03 

33  40.18 
10  05. 10 
07  14.52 

45  50  48.67 

49  10  13.05 
84  49  57.  ]6 

84  27  10. 84 
U  36  47. 62 

40  56  04.20 

37  05  8L87 
58  08  23. 15 
&4  46  04. 70 

41  12  05. 10 

73  10  04. 04 
63  28  53.54 

63  41  4.3. 78 
83  43  02.46 
32  35  14. 71 

76  23  36. 26 

50  27  37. 80 

53  08  43.  57 

42  45  50. 48 
49  24  06. 67 
87  49  58.  8:i 

06  08  49. 71 

41  05  52.  54 

42  45  14.28 

42  34  52.  51 
82  57  23.  23 

54  27  46.54 

41  41  37. 46 

108  00  49. 89 

30  17  32. 79 

47  02  58. 95 

74  42  04. 43 
58  14  57. 11 

63  21  25. 11 

45  50  30. 64 
70  47  50. 51 

46  22  04. 23 

55  12  37. 63 
78  25  20. 05 

91  51  50. 66 
40  50  26.  59 

38  17  42. 01 

38  56  21. 31 
63  U  03. 07 

77  52  34. 77 


41 
71 
66 

43 
90 
45 

79 

51 
48 

53 
39 

87 

94 
50 
35 

45 
71 
62 

77 
54 
47 


47  22.22 
38  25. 72 
84  14. 15 

41  55.59 
43  20.06 
34  45. 10 

41  15.67 

40  08. 49 

38  37. 49 

18  19. 19 

41  17.53 
00  24.64 

36  05. 77 
13  17,43 
10  36. 17 

39  01. 46 
57  36.  52 
23  24.67 

31  32.28 
56  18. 32 

32  10. 45 


39  26  27. 31 
58  37  44. 49 
81  55  53. 01 


46.08 
4L27 
32.75 

49.08 
11.63 
59.29 

40.46 
06.44 
14.10 

47.80 
14. 26 
57.94 

09.72 
46.21 
04.07 

30.50 
24.46 
05.04 

03.63 
03.48 
52.89 

43.74 
02.02 
14.24 

87.46 
89.04 
43.50 

58.60 
05.05 
56.35 

51.21 
53.04 
15.76 

52.18 
22.50 
45. 32 

37.45 
50.50 
32.05 

68.32 
03.59 
58.00 

27.37 
38.96 
53.67 

03.55 
36.85 
19.60 

51.16 
26.95 
4L89 

21.30 
03.39 
35.31 

2L4:) 
24.77 
13.80 

55.04 
20. 32 
44.64 

14.82 
08.66 
36.52 

19.20 
16.80 
23.94 

06.38 
17.83 
35.79 

00. 22 
36.15 
2.3. 63 

81.53 

17.80 
10.67 

26.68 
42.90 
50.42 


AKimnth. 


O         I  II 

247  06  42. 23 
109  45  00. 82 
833  48  38. 75 

109  45  09. 82 
242  59  54. 32 
346  20  13. 19 

63  03  12. 51 

187  40  48.  84 
325  34  18. 71 

187  40  48. 84 
56  51  47. 16 

321  38  25.98 

56  61  47. 16 
182  11  41.74 
321  15  6L49 

182  11  41. 74 

60  20  20. 12 

325  03  14.63 

60  20  20. 12 
164  58  06. 04 
281  28  31. 21 

164  58  06. 04 

68  40  26. 18 

281  U  30.00 

68  40  20. 18 
198  08  36. 64 
325  01  34. 99 

198  08  36. 64 

67  34  23. 6!) 

335  20  54. 48 

247  30  58.09 
108  40  16. 70 
331  20  23. 55 

108  40  16. 70 
205  37  45.  20 
331  11  57.33 

205  37  45. 20 
133  40  33. 28 
343  53  45. 70 

133  40  33. 28 

238  54  09. 92 

0  43  36. 84 

238  54  09. 92 
104  49  14. 01 
355  32  24. 23 

104  49  14. 01 
229  31  53. 63 
'Ml   09  19.00 

229  31  53. 63 
99  25  05. 63 

317  37  02.21 

99  25  05. 63 
216  08  16.  84 

318  17  54. 37 

188  21  26. 98 
246  39  29.  55 

0  08  49. 31 

246  39  29.  55 

157  26  23.  51 

22  59  41. 71 

157  26  2,3.  51 
285  44  48.  34 

57  10  56. 10 

285  44  48.  34 

145  30  49. 55 

62  28  59.  06 

325  28  35. 09 

195  4-1  07. 43 

50  56  34.  86 

195  44  07. 43 
307  48  22. 78 

61  29  .34.  82 

303  48  22. 78 

178  49  IG.  42 

40  21  18. 12 

178  49  10. 42 

300  11  24.39 

38  19  38. 14 


IMstanoe. 


Ftet, 
17,4J5.22 
24,9?2.86 
16,934.65 

24, 972. 86 
21, 420. 84 
18,670.07 

21,420.84 
31, 669. 55 
26,  263. 70 

31, 660. 55 
22,  872. 74 
'24, 060. 87 

22,872.74 
34, 746. 30 
28,460.47 

34,746.30 
21, 042. 86 
29,634.94 

21,042.86 

15. 490. 79 
22,749.19 

15,490.79 
25, 783, 70 
28, 589. 84 

25. 783. 70 
31, 318. 83 
:24, 850. 17 

31,318.83 
21,280.92 
2;{,  797. 02 

21,280.92 
31, 167. 89 

20. 606. 71 

31, 167. 89 
25, 916. 47 
38, 013. 13 

23,916.47 
34, 175. 15 
48, 86L 11 

34, 175. 15 
29, 416. 40 
38, 765. 38 

29, 416. 40 
27, 841. 99 
22, 348. 03 

27,841.99 
20, 570. 00 
23, 340. 18 

20, 570. 00 
33, 175. 38 
25, 367. 00 

33, 175. 38 
21, 326. 24 
30,  283. 04 

30,  283.  04 
21, 993.  80 
31, 324. 23 

21. 993. 80 
21, 274.  59 
30, 791. 83 

21,274.59 
27, 885. 12 
22, 2,33. 41 

27, 885. 12 
22.  389. 61 
17,831.95 

22,  .389. 61 
.38,  7.38. 91 
29,  808. 11 

3ft.  738. 91 
31,261.44 
41,568.25 

31,26L44 
41,376.18 
34, 686. 68 

41,376.18 
2«,  518.20 
35, 680. 70 


Metret, 
5,308.11 
7, 611. 66 
5, 161. 63 

7. 611. 66 
6,529.01 
5,600.58 

6,  520. 01 
9, 652. 70 
8, 005. 10 

0,652.79 
6,97L56 
7,333.09 

0,971.56 
10, 500. 58 

8. 674. 67 

10, 590. 58 
6,413.81 
9,032.65 

6,418.81 
4, 721. 56 
6,933.89 

4,721.56 
7,858.80 
8, 713. 95 

7, 8.^.  80 
9,545.89 
7, 574. 26 

9, 545. 89 
;  6,486.36 
I  7,253.26 

I  6,486.36 

I  9, 499. 89 

6,280.87 

9, 499. 89 
■7,899.27 
.11, 586. 30 

'  7,899.27 
10, 416. 49 
14,892.73 

10, 416. 49 
;  8,966.04 

11,  815. 58 

8,966.04 
8,  486. 16 
6,811.62 

8,  486. 16 
6, 269.  68 
7, 114. 02 

6,269.68 
10,  111.  76 
j  7,732.06 

10,  111.  76 

6. 500. 18 

9. 230. 19 

9,  2.30. 19 
6. 703. 65 
9. 547. 54 

6, 703. 65 
6,484.44 
9, 385. 26 

6,484.44 
8, 499. 30 
6,776.68 

8.  499. 30 
6.  824. 29 
5,  4;i5. 13 

6,624.29 

11, 807. 51 

9, 103. 72 

11,807.51 

9, 528. 40 

12, 669. 89 

9,  528. 40 

12,  on.  34 
10,572.40 

12,611.34 

8.  091. 82 

10, 875. 38 


Latltade. 


Of  fl 


40  81  36.05 


liongikide. 


O       I         11 


HI  86  45.88 


46  38  12.86     lU  82  12.8S 


46  36  46.75 


46  84  43.24 


46  40  25.96 


46  38  43.00 


46  41  10.76 


46  39  38.06 


46  44  3L  80 


46  43  11.57 


46  46  10.07 


46  60  00.68 


46  68  63.48 


46  56  23.28 


46  57  33.39 


46  50  45.10 


47  00  38.41 


47  03  28.37 


47  04  64.28 


47  08  06. 17 


47  06  63.80 


47  09  66.40 


47  13  OL  29 


47  10  00.46 


47  16  57.  73 


47  14  46.84 


111  85  45.27 


111  40  19.41 


111  40  00.33 


lU  44  22.38 


11146  20.00 


lU  61  04.81 


11148  44.28 


Ul  63  26.50 


111  55  48.43< 


111  53  07.21 


Ul  50  03.10 


lU  53  00.14 


Ul  50  28. 13 


Ul  65  43.40 


112  03  34.61 


112  00  32.00 


Ul  55  4L24 


Ul  67  39.28 


lU  51  U.28 


Ul  54  14.73 


Ul  48  39.11 


111  42  33.21 


111  42  35.55 


111  37  02.80 


APPENbtX  AAA— REPORT  6V  MISSOURI  RIVER  COMMISSION.      ^76,^ 
Table  l.-^Tdbulated  riesults  of  secondary  trianguJution,  eto, — Continued. 


Station. 


CaflCiide 

St  Clair 

Muddy  Creek  — 

St.  Clair 

Muddy  Creek  — 
IMvide 

DiAide 

Mnddy  Croek  — 
Wilaon 

Muddy  Creek  . . . 

Wilson 

Ulm 

Ulm 

Wilson 

Antelope 

Antelope 

Wilaon 

Bpler 

"Wilaon 

£pler 

Big  Bend 

Big  Bend 

Spier 

8fflidCoule6 

ICpler 

Sand  Coulee 

Son  Kiver 

SandConle^ 

Sun  River , 

Great  FallH 

Snn  River , 

Great  Falls 

Transfer 

Transfer 

Great  Falls 

North  Groat  Falls 

Great  Falls 

North  Great  FiUls 
Henry 

North  Grmt  Falls 

Henry 

Porter 

Heniy 

Portor 

Bromedy 

Porter 

Bromefly 

Barley 

Bromedy 

Barley 

Belt.: 

Belt 

Barley 

Shepliord , 

Barley 

Sbep^c-rd , 

Portage 

Shepherd 

Portage 

Highwood 

Portage 

HighM'tNxl 

Sidney 

Highwood 

Hiuney 

Cheriy , 

Si<lnoy 

l^herry 

Tunis , 

Jherry 

Punis , 

Senton 

'unis 

'mton 

)tou 


Observed 
angle. 


Atlj  listed 
angle. 


O   I     " 

73  34  41. 17 

88  4.'>  *20.  36 
37  39  M.  m 

37  20  27. 91 

48  17  05. 89 

94  22  25. 35 

78  29  30. 94 
69  44  48. 14 
31  45  42. 18 

39  25  56. 70 

47  04  46. 76 
93  29  14. 95 

30  27  00. 37 
46  30  27. 32 

103  02  32.69 

73  06  23.67 
57  21  56.67 

49  31  40.73 

09  21  06.48 

77  22  05. 71 
33  10  46. 12 

37  08  81.67 

45  20  29. 93 
97  30  57. 23 

95  26  29. 78 

82  39  01. 60 
51  54  30. 18 

63  16  18.94 
65  26  16.34 
61  17  23. 10 

56  35  52. 87 

40  21  47. 19 

83  02  18.92 

35  23  31. 78 

55  19  02. 57 

89  17  25.98 

78  30  03,04 

57  55  50. 79 
43  34  08. 89 

56  11  12. 25 

75  03  30. 92 

48  45  16. 97 

46  19  17. 76 

51  12  42.24 
82  28  01. 71 

80  46  52. 06 
55  38  58. 07 
43  34  11. 13 

77  23  53. 58 

50  49  04. 28 

42  47  04. 26 

96  18  58.40 
40  39  43. 91 

43  01  17.  &4 

76  58  45. 31 

31  54  34. 98 
71  06  42.  54 

KJ  12  35. 03 

36  19  40.  *U 
60  27  45. 21 

55  07  20. 65 
59  OD  05. 33 
65  43  26. 30 

75  03  27. 36 

39  07  01.35 
65  49  32. 81 

40  19  12. 81 
50  54  26. 50 
82  46  23. 95 

40  29  41.33 

81  16  47. 13 

52  13  29. 75 

38  28  19. 14 

82  42  10. 85 

58  49  31. 68 


n 

40.81 
19.78 
59.41 

28.52 
06.03 
25.45 

30.58 
47.49 
41.93 

67.44 
40. 95 
15.61 

26  69.50 
27.86 
32.64 

23.11 
56.01 
40.88 

08.20 
05.88 
45.92 

31.66 
30.11 
58.23 

28.79 
02.10 
29.11 

19.54 
16.75 
23.71 

52.45 
48.24 
19.31 

31.62 
02.58 
25.80 

02.47 
49.96 
07.57 

12.21 
31.74 
16.05 

18.00 
41.09 
00.91 

51.47 
57.92 
10.61 

53.51 
03.39 
03.10 

58.18 
44.50 
17.23 

44.64 
34.45 
40.91 

34.80 
39.89 
45,31 

29.14 
05. 19 
25.67 

26.63 
01.69 
31.68 

11.86 
25.98 
22.16 

42.25 
47.57 
30.18 

18.70 
10.45 
30.85 


Azimuth. 


// 


300  11  24. 39 

189  00  48. 50 
46  41  57. 67 

189  00  48. 50 

820  44  62. 00 

46  25  17. 68 

140  47  43. 20 
251  00  04.  51 

39  22  19. 71 

251  00  04.  51 

118  12  48. 76 

31  37  21. 05 

298  08  05. 35 

164  43  16. 65 

87  45  05.  23 

344  42  32. 56 

222  05  12. 68 

01  39  14.63 

222  05  12. 68 
324  45  27.  80 
111  32  08. 57 

144  48  54.  54 

279  24  57. 65 

1  57  35.03 

279  24  57. 65 

132  07  35.42 

3  58  39. 24 

132  07  35.42 
256  37  53. 32 

15  25  04.06 

256  37  53. 32 

117  04  16. 07 

20  03  03.95 

297  00  44. 61 

172  23  18. 67 

81  40  26.27 

172  23  18. 07 

294  27  10. 48 

70  56  00.91 

294  27  10. 48 

189  33  40. 26 

58  19  32. 28 

189  33  40. 26 

318  21  35. 09 

55  55  19.  00 

318  21  35.  09 

194  02  17. 87 

57  37  23. 39 

194  02  17. 87 

314  14  09. 33 

91  30  58. 85 

134  18  01. 90 

273  34  24. 67 

50  41  00. 16 

273  34  24. 07 
125  36  51. 99 

16  36  55. 68 

125  36  51. 99 

269  10  34.  69 

28  52  07. 34 

269  10  34. 69 

148  28  58. 11 
34  08  00. 58 

148  28  58. 11 

289  17  32. 95 

43  36  24. 57 

289  17  32. 95 

166  20  22.44 

69  05  22. 39 

166  20  22. 44 

2G5  02  12,47 

'    32  54  01. 15 

I  265  02  12. 47 
I  107  49  41.  90 

40  38  23. 64 


Distance. 


Feet. 
26, 548. 20 

41. 673. 48 
40,  493. 36 

41,673.48 
25,  351. 23 
31, 198. 61 

25,  351. 23 
47,  U>2.  fa 
45, 183. 07 

47, 192. 63 
30, 030. 98 

34. 623. 38 

30. 030. 98 
15, 622. 16 

22. 363. 39 

15.622.16 
19. 049.  71 
17, 293. 88 

19, 649. 71 
33.  509. 57 
34, 943. 18 

33. 509. 57 
20. 408. 24 
24, 042. 30 

20. 408. 24 
25,  814. 00 
13, 990. 13 

25, 814. 00 
26, 287.  59 
-24,237.93 

26,287.69 
22, 108. 50 

17. 151. 16 

22, 108.  50 
12, 805. 54 

18. 181. 58 

12, 805.  54 
18,206.61 
15, 744. 47 

18, 206. 61 
20, 118, 69 
23, 395, 76 

20, 118. 60 
14, 677. 02 
15, 818. 29 

14. 677. 02 
21, 019.  58 
17,  580. 87 

21, 019.  58 
30,  200. 17 
20, 750. 44 

30. 200. 17 
.43, 995. 43 
28, 842. 52 

143, 995. 43 
145, 303. 65 
24, 578.  68 

45, 303. 65 
51,  705.  88 
,30, 847. 12 

51,705.88 
46, 534. 09 
48, 696. 88 

46, 534. 09 

49. 282. 49 
32, 180. 93 

49, 282, 49 
32, 143. 75 
41,618.91 

32, 143.  75 
29, 496. 04 
140, 196.  ^4 

29, 496. 04 
21, 447. 57 
34, 195. 20 


Metres. 

8,091.82 
12,701.96 
12.342.27 

12, 701. 96 
7, 726. 90 
9,509.25 

7, 726. 99 

il4, 384. 18 

13, 771. 68 

14.  384. 18 

9.153.36 

10,553.11 

9. 153. 36 
4, 761.  59 

6. 816. 30 

4, 761. 59 
5. 989. 18 
6.  271. 13 

5.989.18 
10,213.62 
10, 650. 58 

10, 213. 62 
6,  220.  37 
7, 328. 03 

6. 220. 37 
7, 868.  03 

4. 264. 15 

7. 868. 03 

8. 012. 38 
7, 387.  65 

8, 012.  38 
6,738.61 
5, 227. 62 

6,738.61 
3, 903. 09 
6,541.70 

3, 903. 09 
5, 549. 32 
4, 798. 87 

5, 649.  32 
6, 132. 12 
7, 130. 96 

6, 132. 12 
4,473.51 
4,821.37 

4,473.51 
6, 406. 71 
5,358.60 

6,406.71 
9, 204. 93 
8, 153. 46 

9,204.93 

13, 409. 68 

8, 791. 12 

13, 409. 68 

13, 808. 43 

7,491.51 

13,808.43 
il5, 759, 81 
I  9,402.11 

{15,759.81 
Il4, 183. 46 
jU,  842, 67 

14, 183. 46 
15,021.17 
I  9,808.66 

16, 021. 17 

9, 797. 32 

12,685.33 

9,797.32 

8. 990. 31 
12,261.76 

8,990.31 

6. 537. 16 
10,422.60 


Latitude. 


o    /      // 


47  21  32. 05 


47  18  18. 23 


47  24  03. 17 


47  26  23. 11 


47  26  3L90 


47  26  27. 04 


47  21  56. 84 


47  25  63.99 


47  28  44. 79 


Longitude. 


O        t        01 


111  35  28. 17 


HI  31  35. 45 


111  24  39. 61 


111  31  04. 52 


111  25  39.49 


111  21  28.03 


111  16  47. 17 


111  16  35. 23 


111  21  13.92 


47  29  44.61     11115  01.52 


47  3123.80     11119  48.32 


47  31  49. 87  i  111  15  26. 23 


47  30  35.42 


47  33  51. 22 


47  32  02.94 


47  35  24. 18 


47  31  56. 14 


47  34  66. 62 


47  39  16. 64 


47  39  23. 28 


47  45  64. 63 


47  43  13. 88 


47  48  21. 61 


47  48  46. 67 


47  52  13. 47 


111  11  24. 85 


111  10  36. 12 


111  08  14. 02 


111  06  50. 04 


111  01  44.  .17 


110  56  19, 23 


111  06  17. 12 


110  52  42.02 


110  68  38.04 


110  47  17, 84 


UO  49  00.03 


110  41  58.  .56 


110  4a  M.  88 
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Table  U.— Tabulated  re$uU9  of  $eoondary  trianguloHon  from  Fort  Benton  to  Drover 

Point,  Mont, 

[Asinmtba  and  distances  are  in  the  order  of  s:  ifciona,  first  to  second,  second  to  third,  and  third  to  flat 

in  each  triangle.] 


Ststion. 


East  base 

'West  L>ase 

Benton 

EaetbaM 

West  base 

Teton 

East  base 

Benton 

Teton 

Benton 

Teton 

Shonkin 

Teton 

Shonkin 

Crocon  

Shonkin 

Crocon 

Harvey 

Crocon 

Harvey 

Brnl6 

Crocon 

Briil6 

Tele 

BruW 

Tele 

Black  Bluff... 

Tele 

Black  Bluff  ... 
Harias 

BUck Bluff  ... 

Marias 

Three  Inlands. 

Marias 

Three  lBlan<lH. 
Kidge 

Three  Islands . 

Bidge 

Beoess 

Three  Islands . 

Kecess 

Moond 

Recess 

Mound 

Coal  bankA 

Monnd 

Coal  bankH  — 
Shanks 

Coal  banks  — 

Shanks 

Old  

Shanks 

Old 

Iron 

Old  

Iron 

Sandy 

Iron 

Sandy 

Burned 

Iron 

Burned 

White  Cliffs... 

Burned 

White  Cliffs... 
Castle 

Burned 

Castle 

Wellman 

Castle 

Wellman 

Kipps 

OasUe 

Klppa 


Observed 
angle. 


o  / 


n 


38  54  17.63 

96  14  52. 51 

44  50  47. 21 

54  28  52. 85 
86  08  5'J.  68 

39  22  14.80 

93  23  10. 48 

46  15  40. 72 

40  21  10. 48 

86  04  46.21 

47  20  14. 64 

46  29  02. 84 

33  49  45. 83 

87  07  12. 15 

59  03  00. 26 

39  31  18. 86 

43  08  57. 59 

97  19  46.  II 

49  27  42. 84 
01  07  55. 6i 
39  24  27. 59 

71  39  52, 11 

45  U5  44. 09 
63  14  27.45 

58  53  00. 25 

67  45  48. 11 
53  21  12. 19 

47  16  08. 56 

50  00  09.39 
82  34  44. 61 

86  50  28. 98 

56  18  4G.  00 
36  50  45. 48 

51  45  51.96 
53  00  33.  87 

75  13  31. 34 

62  52  14. 21 

68  34  02. 52 

48  83  44. 37 

33  50  25. 04 
58  08  37. 13 

88  01  03. 84 

78  17  3ft.  38 

57  89  41. 74 

44  02  37. 97 

38  00  47.37 

49  51  20. 30 

92  07  49. 71 

80  17  53.  OTt 
71  45  58. 93 
27  56  04. 15 

60  15  33. 14 

53  19  47. 74 
06  24  41.16 

39  30  45. 04 

69  42  29.71 

70  37  46. 81 

58  30  58. 86 

73  41  34. 80 

47  47  23. 65 

32  52  39. 78 

74  02  08. 12 
73  05  08.  66 

52  18  06.90 

93  12  33. 48 

34  29  20. 31 

34  22  18. 71 
51  50  06. 03 
93  47  35. 57 

70  45  53. 52 
58  41  26. 19 

50  32  42. 35 

54  36  57. 18 

76  14  39.92 

48  06  2L18 


AdJasted 
angle. 


I      n 

18.27 
53.89 
47.84 

52.16 
63.73 
14.11 

10.43 
40.81 
08.76 

43.66 
14.47 
0L97 

44.82 
13.34 
01.84 

18.00 
58.77 
45.23 

40.83 
53.59 
25.58 

50.89 
42.88 
26.23 

00.00 
47.72 
12.28 

07.32 
00.20 
43.39 

28.24 
46.36 
44.90 

53.04 
34.24 
32.72 

14.36 
02.28 
43.36 

23.20 
35. 71 
01.09 

39.41 
42.31 
38.28 

46.32 
25. 59 
4H.09 

55.77 
50.44 
04.79 

31.79 
47.11 
41.10 

45.01 
29.45 
45.54 

31  00.30 
36.67 
23.  03 

40.62 
08.68 
10.70 

06.57 
33.27 
20.16 

18.41 
05.80 
35. 7^0 

53.28 
24.87 
41.85 

58.62 
40.87 

ao.5i 


Aiimutb. 


o   /    /' 
73  01  05. 7 

349  14  17.0 
214  05  22.7 

73  01  05.7 

166  50  29. 4 
307  27  44.0 

34  06  47. 4 

167  49  41.9 
307  27  44. 0 

167  49  41.9 

300  22  .iS.  2 

73  58  12. 8 

300  22  38.2 

207  34  28. 1 

86  89  06.  5 

207  34  28.1 

344  27  07. 7 

67  07  58. 2 

344  27  07.7 
255  35  37. 0 
115  02  37. 6 

294  50  26.9 
160  08  20. 4 

43  21  30.7 

160  08  20. 4 

272  21  16. 6 

39  04  03.1 

272  21  16. 6 

142  34  24. 6 

45  07  20.5 

142  34  24.6 

266  13  50.  0 

49  27  50. 6 

266  13  50. 0 

139  19  18.  8 

34  30  15. 1 

139  19  18.  8 

250  42  40. 1 

22  13  25. 9 

202  11  33.2 

324  04  50. 1 

56  05  26. 6 

324  04  50. 1 

201  46  09.9 

65  50  15. 1 

201  46  09. 9 

331  56  11.2 

59  49  31. 1 

331  56  11.2 

22:J  43  18. 5 

71  42  53. 5 

223  43  18. 5 

350  27  01.  6 
104  03  08.2 

350  27  01.6 
240  10  18.7 
130  50  53.3 

240  10  18.7 
346  31  31. 1 
118  45  00.0 

298  41  19. 0 

44  42  51.4 
151  30  00. 3 

44  42  51.4 
317  53  44.  3 
172  25  18.0 

352  24  44. 8 
120  35  12. 0 
206  45  33. 8 

120  35  12. 0 
359  14  34. 4 
229  47  18.6 

49  49  18.8 
306  01  50. 5 
176  12  37.0 


Distance. 


9 
12 
16 

13 
21 
15 

21 
29 
21 

29 
19 
34 

19, 
12 
13 

12 
14 
19 

19 

20 
15 

20 
21 
23 

21 
16 
16 

16 
27 
22 

27 
21 
22 

21 
26 
27 

27 

15 
23 

15 
21 
18 

21 
13 
16 

13 
27 
20 

27 
26 
24 

26 
17 
26 

17 
20 
23 

23 
13 
23 

13 

18, 
23 

23 
13 
18 

13 
15 
14 

14, 
15 


Teet. 
9,860.05 

8 
13 


788.97 
911.32 

869.06 
663.16 
622.99 

911.32 
447.57 
522.99 

447. 57 
506.12 
783.44 

506.12 
153.67 
361.25 

168.67 
289.21 
207.00 

289.21 
711.70 
354.55 

3.54. 55 
575. 35 
352. 35 

575. 55 
954. 55 

737. 13 

954.55 
262.76 
998.07 

262.76 
078.  53 
565.79 

078. 63 
996.73 
368.10 

996.73 
113.49 
312.64 

312.64 
218. 72 
212. 44 

218.72 
435.48 
495.00 

435. 48 
200.88 
397.44 

209.88 
794.06 
782. 34 

704.96 
334.04 
326. 61 

334.  04 
816. 59 
1H1.80 

816.  59 
513.  22 
086.55 

086. 55 
009.15 
199.71 

099.15 
303. 98 
096.92 

096.92 
068.20 
199.46 

068.20 

980. 14 
460. 21 

460.21 
588.10 


18,571.83 


Metres. 
8,008.06 
2,678.85 
4,240.13 

8,008.00 
3,859.09 
4,73L86 

4. 240. 13 
6, 537. 16 
4,731.36 

6, 537. 16 
8. 093. 40 
6, 639. 63 

8,993.40 

6. 837. 99 

10, 473, 21 

6, 837. 99 
3, 745. 72 
4.025.48 

8,745.72 

4. 484. 08 
5.899.21 

5v  899. 21 
6,271.31 

4. 679. 44 

6,271.31 
6,691.09 
7, 235. 01 

6. 601. 09 
4.956.85 
6,180.97 

4,956.85 
8,253.46 
6,877.99 

8,2.53.46 
6, 704. 54 
6,817.74 

6.  704. 54 

7. 959. 32 

8. 324. 82 

8,324.82 
4, 638. 62 
7,075.09 

4. 638. 62 
6, 533. 47 
5,637.41 

6, 533. 47 

4. 026. 33 
4,997.89 

4,026.33 

8. 471. 83 
8, 163. 18 

8,471.83 
8, 026. 54 
7,414.68 

8, 026.  54 

5. 430. 45 

7. 080. 14 

5. 430. 45 
6, 252.  37 
7, 036. 72 

7.  030, 72 
3. 902.  58 
7. 071. 21 

3, 992.  58 
5.  579.  00 
7.  039. 88 

7.  039. 88 
3,983.15 

5. 547. 14 

3. 983. 15 
4,870.70 
4, 407. 43 

4,407.48 
4,751.21 
6,000.48 


Latitude. 


O       I         II 

47  50  40.25 
47  80  1L78 
47  48  40.57 


47  52  18.47 
47  52  13.47 
47  48  40.05 
47  52  33. 68 
47  50  80.73 
47  5i  12.81 
47  64  23.77 
42  54  14. 75 
47  60  22. 17 
47  60  39. 54 

47  68  24. 12 

48  00  49.09 

47  58  47.44 

48  02  03.88 
48  00  08. 83 
48  03  26.97 

47  59  10. 69 

48  00  38.09 
47  67  21.22 
47  55  49. 84 
47  63  36.28 
47  64  40.87 
47  SZ  03.18 
47  00  82.66 


Longitode. 

O        I         II 

no  40  04.  *7 
110  43  22.  ei* 
110  41  58.56 


110  43  04.88 
110  43  04.88 
UO  80  5L  88 
110  34  41.a 
110  83  S3.SS 
110  30  24.08 
110  S3  07.22 
110  20  45.31 
110  28  10.45 
110  22  33.  OS 
110  20  04.38 
110  20  OLOl 
110  17  SO.  70 
110  15  53. 74 
110  14  32.37 
110  09  39.08 
110  08  3.5.41 
110  04  48.  12 
110  03  37.  S 
110  00  63. : 
110  02  63. 
110.06  88. 
110.05  35. 
110.02  80. 
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Station. 


KiDPfl  — 
Citadel... 
lift  Barge. 

Citadel... 
La  Barge. 
Wall 


Citadel... 

Wall 

Pinnacles 

WaU 

Pinnacles 
Kondeaa . 

Pinnacles 
Rondeau  . 
Pablos  ... 

Kondeaii . 
Pablos  ... 
Tip  Top.. 

Kondean  . 
Tip  Top.. 
Anx)w  ... 

Tip  Top.. 

Arrow  ... 
Plateau.. 

Arrow .  - . 
Plateau .. 
Pines  .... 

Plat«an  . . 

Pines  

Valley  ... 

Pines  .... 
Valley  ... 
Juditn . . . 


Valley  ... 
Jnditb... 
Council . . 

Judith . . . 
Council .. 
Holmes  .. 

Council . . 
Holmes  .. 
Iron  City 

Holmes  .. 
Iron  City 
Bear 

Holmes  .. 
Bear 

Gallatin  . 

Bear 

Gallatin  . 
Dauphin  . 

Bear 

l>auphln  . 
Bapids... 


Dauphin  . . 
Rapids.... 
Lone  Pine. 

Dauphin  . . 
Lone  Pine. 
Chimney.. 

Lone  Pine. 
Chimney . . 
Windsor.. 

Chimney . . 
Windsor . . 
Biids 


Windsor 

Birds 

Sturgeon....... 

Biitls  .'. 

Sturgeon 

Spmoe ......... 

Stargeon ....... 

Spraoe 

Snake  Point.... 

Spmoe 


Point. 


Obeerred 
angle. 


O      t        II 

U  32  02. 19 

71  37  50. 42 

63  60  06.  37 

83  42  07.40 
71  49  53. 28 
24  28  01.49 

28  55  07.84 

60  35  25. 54 
81  29  25.46 

86  28  58.48 

64  08  46. 37 

29  27  15,25 

33  56  11. 65 
77 '27  35.30 
68  36  17. 38 

36  49  38. 51 
80  39  18. 39 

62  31  00. 43 

34  36  17. 42 
108  60  07. 27 

36  24  36. 06 

55  51  40. 23 
70  36  06. 74 

53  32  09. 12 

38  16  29.45 
89  28  01.20 
52  15  34.  34 

97  17  12. 90 
42  19  29. 36 
40  23  17. 31 

63  43  05.86 
68  20  25. 31 
57  47  28. 52 

55  37  24. 74 
76  14  10.99 
48  08  24. 91 

52  40  39. 42 

61  39  34.11 

62  39  45. 89 

28  35  10. 19 

54  31  40. 59 
96  53  13.  51 

60  59  42. 17 

87  16  Zi.  01 
31  43  35. 16 

86  53  15. 86 
54  27  24.60 

88  30  18. 93 


95  40  57. 


42 
54  09  17. 50 

30  09  46.54 

44  11  20. 15 

61  46  46. 13 
74  02  54. 65 

84  39  13.46 
U4  13  00.51 

31  07  43. 88 

35  46  10. 65 
86  19  34. 60 
67  64  06.21 

82  26  46.46 
118  43  23. 29 

28  60  49. 72 

46  17  56.51 
91  06  30.91 

42  35  31.01 

63  44  35.39 

83  13  67.07 

43  01  26. 71 

37  13  61. 69 
60  23  34.25 
73  22  86. 12 

73  43  46. 62 
07  15  47. 69 
39  00  22.94 

58  42  09.78 
54  10  29.68 
m  W  17.79 


Adjusted 
angle. 


01.82 
49.94 
08.24 

07.39 
62.72 
27  50.89 

07.94 
25.45 
26.61 

55.07 
47.98 
16.95 

12.29 
33.36 
14.35 

39.16 
19.74 
01.10 

18.03 
06.60 
35.37 

41.44 
08.26 
10.31 

28.50 
27  50.56 
31. 9i 

12.74 
29.70 
17.56 

05.96 
25.97 
28.07 

25.25 
10.15 
24.60 

39.45 
34.26 
46.29 

09.50 
39.18 
11.23 

42.20 
43.03 
34.77 

15.61 
25.00 
19.39 

55.00 
17.13 
46.88 

17.70 
47.20 
65.10 

13.65 
01.30 
45.16 

19.87 
84.40 
05.73 

46.70 
23.17 
50  13 

66.49 
31.51 
82.00 

35.25 
66.69 
28.06 

61.70 
34.27 
34.03 

47.05 
48.59 
28.46 

11.26 
28.77 
1&97 


Aaimuih. 


O       I       II 

306  01  59. 5 

54  26  26. 5 

170  34  30. 6 

54  26  26. 5 
306  14  31. 6 

150  46  47. 2 

830  44  19. 1 
220  22  12. 6 

121  53  15. 3 

220  22  12.6 
336  15  00. 7 
126  49  44. 7 

336  15  00. 7 
233  44  84.9 

122  23  14.5 

223  44  34. 9 

333  07  40.'4 

90  37  34. 2 

270  34  14. 0 
341  38  27. 6 
125  14  52.5 

341  38  27. 6 
232  15  36. 1 
105  50  22.2 

232  15  36. 1 

322  50  12. 3 

90  36  13. 5 

322  50  12. 3 

185  11  15. 1 

45  34  54. 2 

185  11  15. 1 

306  42  10.  5 

68  58  03. 1 

306  42  10.  5 

202  59  41. 3 

71  09  51.4 

202  59  41. 3 

818  21  55. 6 

75  44  54.4 

318  21  55. 6 
192  56  19.7 
100  49  57.8 

192  56  19. 7 

285  40  03. 5 

73  59  40.  5 

253  56  01. 0 

19  32  15. 5 

110  52  10.  5 

19  32  15. 5 
253  40  47.0 
103  54  53.4 

283  51  19.6 

165  40  40. 6 

59  42  56.1 

165  40  40. 6 

231  26  59. 7 

20  21  32.2 

200  19  54. 1 

294  01  57. 8 

56  10  49.9 

294  01  57.8 

232  48  18. 8 

81  42  01. 6 

232  48  18. 8 

321  44  39. 8 

99  11  30. 9 

321  44  39.8 

226  00  59. 6 

88  05  41.5 

225  00  69. 6 
335  40  38. 7 

82  19  15.8 

835  40  38.7 

222  57  38.4 

82  01  01.4 

222  67  38.4 
848  60  08.1 
10143  86L4 


Distance. 


Feet. 

15. 588. 10 

12. 180. 49 
16,482.74 

12,180.49 
29, 232. 30 

27. 943. 50 

27, 943. 50 
13,663.03 
26,480.80 

13, 663. 03 
27, 730. 37 

25. 004. 30 

27, 730. 37 

16. 627. 11 
29,072.41 

16, 627. 11 
11,234.24 
18, 493. 48 

18, 493. 48 
17, 694.  55 
29, 462!  18 

17. 694. 55 
18, 210. 50 

20. 752. 88 

18, 210. 60 
14,264.48 
23,027.40 

14.264.48 
21, 836. 52 

14. 823. 00 

21, 836. 52 
23, 140. 20 
22, 002. 74 

23, 140. 20 
25, 613. 35 
30,177.69 

25, 643. 35 
22, 956. 24 
26, 089. 69 

22, 056. 24 
11, 063. 82 
18,8dL29 

11, 063. 82 
18, 400.  53 
21,015.59 

21, 015. 59 

12. 618. 01 
17, 104. 65 

12,618.01 

24. 088. 89 
20,356.07 

20, 3!56. 07 
14, 756. 71 
18,051.85 

:4, 756. 71 
16. 230. 87 
26, 032.  56 

26. 023. 56 
17, 963. 63 
30, 666. 91 

17,963.63 
19, 966. 18 
32, 650. 73 

19, 966. 18 
21,328.50 
29, 496. 37 

21,328.50 
25,  206. 54 
31, 041. 82 

25,206.54 
15, 015. 91 
24,622.86 

15, 915. 91 

24. 274. 31 
23,322.00 

24,274.31 
22,613.03 
21,362.28 


Metre*. 
4,751.21 
3,712.58 
6,023.89 

3,712.68 
8, 909. 92 
8, 517. 10 

8,517.10 
4,164.45 
8, 071. 28 

4,164.45 
8,452.14 
7,621.24 

8, 452. 14 
5, 067. 90 
8, 861. 19 

5,067.90 
3,424.16 
5,636.76 

5. 636. 76 
5,393.25 
8,979.99 

5.393.25 
5, 550. 61 

6. 325. 42 

5, 550. 51 

4. 347. 77 
7, 018. 69 

4, 347. 77 
6, 655. 71 
4,  518. 01 

6, 655. 71 

7. 053. 07 
6, 706. 37 

7,053,07 
7,816.02 

9. 198. 08 

7, 816. 02 
6, 997. 00 
7,962.03 

6,097.00 
3, 372. 22 
6,739.73 

3, 372. 22 

6. 608. 43 
6, 405.  50 

6, 405. 50 
8,  845. 93 
6.213.45 

3, 845. 98 
7, 616. 55 
6,204.47 

6,204.47 
4,497.80 
5,685.03 

4, 497. 80 
4, 947. 13 
7,934.66 

7,934.65 
6,475.26 
9, 347. 19 

6,475.26 
6.085.04 
9, 951, 85 

6.085.64 

6. 500. 87 
8,990.41 

6,600.87 

7. 682. 88 
9, 461. 31 

7,682.88 
4,  851. 12 
7,504.98 

4, 851. 12 
7,398.74 
7,108.48 

7,308.74 
6,86L91 
«k5U.16 


Latitude. 


o  «  tl 
47.49  22.72 
47  46  32. 02 
47  48  14. 73 
47  44  04.21 
47  45  41.21 
47  44  02.31 
47  41  16. 56 
47  43  06. 61 
47  41  14. 31 
47  44  48. 93 
47  42  82. 35 
47  46  26.29 
47  43  86.91 
47  45  22. 32 
47  44  33.20 
47  42  86. 84 
47  43  44.99 
47  46  06.09 
47  47  46.88 
47  46  83.61 
47  48  32.66 
47  46  47. 33 
47  48  43. 10 
47  46  19. 96 
47  49  16.20 
47  46  87.28 


Longitude. 


O      I  II 

110.04  55.60 
109  69  10. 46 
109  67  00. 84 
109  64  17.48 
109  61  01. 20 
109  49  46. 99 
109  48  25.  54 
109  44  54. 96 
109  42  40. 03 
109  42  20. 15 
109  37  48. 91 
109. 35  22. 22 
109  81  39. 21 
109  31  02. 96 
109  26  43. 77 
109  27  45.47 
109  21  64.71 
109  22  48.14 
109  19  42. 26 
109  15  42.08 
109  11  49. 10 
109  08  35. 83 
109  04  14. 66 
109  02  88.70 
106  68  36.82  , 
108  57  81 5S 
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Station. 


Snalce  Point. 
Cow  Island.. 
Landing 

Ck»w  Island.. 

Tending 

Bend 

Landing 

Bend 

Foitraas  — 

Bend 

Fortress 

Crystal 

Fortress..... 

Crystal 

Grand  Island 

Crystal 

Qrand  Island 
Qnarter 

Grand  Island 

Quarter 

WlUow 

Qnarter 

Willow 

Calf  Island.. 

Willow 

Calf  Island.. 
Bni&do 

Calf  Island.. 

BoflUo 

Annel 

Bnifido 

Armel 

Harriet 

Armel 

Harriet 

Brerier  ..... 

Harriet 

Brevier 

Creek 

Brevier 

Creek 

Bocky  Point 

Creek 

Bocky  Point 
Antnmn  .... 

Bocky  Point 
Autiunn  .... 

I^PP 

Antomn  .... 

Lopp 

Carroll 

Antomn . .  •  ■  ■ 

Carroll 

Byan 

Carroll 

Ryan 

Ryan  Island. 

Ryan 

Ryan  Island. 
Plain 

Ryan  Island. 

Plain 

Sage 

Plain 

Sag© 

Kimnuck.... 

Sage 

Kannaok.... 
Line 

Eannuok 

Line 

Across 

Eannuck.... 

Across 

Hawley 

Across 

Hawley 

Troat 


Observed 
angle. 


o 
31 


II 


15  37. 6». 


82  10  47.  a  1 

ee  83  81.05 

78  82  62. 97 

66  14  20.82 
40  12  48.31 

58  09  04.66 

67  09  02.28 
64  41  62.69 


61 
44 


50 
26 


73  42 

67  14 

70  06 
42  38 

42  19 

65  80 
82  01 

77  41 

51  34 
60  43 

88  25 
87  36 
63  58 

66  36 

71  31 

52  51 

46  52 
01  66 
41  12 

51  16 

72  47 
66  56 

62  63 
48  28 

78  88 

82  00 
71  38 
26  20 

28  14 
91  02 

60  43 

52  46 

78  46 

48  26 

44  47 

37  26 
97  46 

61  09 

87  39 

31  10 

38  16 
56  58 
80  45 

61  43 
80  69 
37  17 

32  44 
70  30 
76  45 

88  52 
bS  38 
32  28 

36  02 
94  39 

49  17 

46  15 
85  40 
48  04 

36  55 
88  43 
54  21 


19.38 
48.74 
52.47 

24.54 
53.80 
40.72 

01.04 
19.61 
38.26 

33.22 
27.60 
68.09 

20.65 
26.48 
14.60 

87.52 
54.62 
27.94 

06.46 
12.61 
80.17 

28.90 
10.25 
21.62 

27.41 
07.70 
21.20 

36.02 
44.11 
37.66 

05.74 
34.88 
24.15 

48.96 
31.82 
36.81 

28.61 
05.11 
23.97 

38.25 
22.87 
59.62 

24.0'ii 
20.01 
18.01 

18.97 
39.74 
01.26 

34.64 
13.51 
07.32 

42.00 
36.76 
42.42 

47.44 
32.55 
39.82 

19.42 
40.35 
02.43 

10.15 
26.49 
25.66 


42  42  10. 49 
79  36  31. 20 
57  41  14. 21 

76  16  24.97 
61  65  16. 24 
41  48  17. 88 


Ai^usted 
angle. 


89.43 
48.42 
82.16 

62.27 
20.81 
47.42 

06.21 
01.41 
63.88 

19.40 
48.17 
62.37 

24.60 
68.60 
41.00 

02.16 
19.56 
88.29 

83.49 
26.73 
50.78 

19.60 
26.19 
14.21 

87.63 
64.68 
27.79 

00.83 
13.11 
40.06 

28.64 
10.80 
20.06 

20.32 
07.66 
23.08 

36.70 
44.73 
38.57 

05.22 
83.17 
21.61 

50.20 
31.39 
38.41 

28.85 
06.14 
25.01 

38.03 
22.34 
59.63 

23.83 
19.34 
16.83 

18.80 
39.40 
01.80 

35.69 
14.91 
09.40 

41.11 
36.13 
42.76 

46.97 
33.01 
40.02 

19.08 
38.79 
02.13 

10.38 
27.11 
22.51 

12.04 
80.50 
17.46 

26.19 
16.79 
17.02 


Asimuth. 


O       I        It 

348  50  06.1 
251  01  43. 8 
187  87  26.4 

25101  43.8 

4  48  88.9 

144  86  29.2 

4  49  83.9 
241  68  18.1 
126  43  0L8 

241  68  18. 1 

17  84  19.7 

128  60  84.0 

17  84  10.7 
267  40  19.9 
130  28  01.8 

267  40  19.0 
82  05  00. 3 

180  01  55.4 

82  05  00.8 

268  88  00.4 
184  25  24.8 

268  88  00.4 
866  04  58.8 
122  06  66.4 

856  04  6&  8 
247  87  04. 1 
120  81  03.2 

247  87  04.1 
885  44  22.8 
114  32  66.6 

835  44  22.3 
228  82  47.5 
104  31  16.0 

228  82  47. 6 

0  06  47. 6 

101  28  24. 8 

0  06  47. 6 

251  45  32. 1 

98  11  04.7 

251  45  32. 1 
840  47  52.0 

100  05  26.4 

840  47  52.9 
239  85  19.4 
108  04  31.8 

239  35  19.4 

22  11  47. 2 

104  24  34.8 

22  11  47.2 
289  60  21.6 
141  04  43. 1 

321  02  09. 2 
198  03  02.4 
107  49  00. 8 

198  03  02.4 

297  04  04. 6 
79  49  50. 6 

207  04  04. 6 

187  37  13. 3 

84  22  37. 1 

187  87  13. 3 

308  68  51. 5 

96  82  45. 8 

308  68  61. 5 

223  41  01. 5 

93  00  29. 9 

223  41  01.5 

318  02  11.1 

89  59  50.7 

318  02  11. 1 
226  47  20.0 

101  10  04.6 

281  07  00. 7 

180  46  35. 1 

58  27  64.5 

180  46  86.1 

298  61  20.2 
77  06  16.1 


Distance. 


Feet. 
22,513.03 
12, 733. 71 
24,309.00 

12,738.71 
18,915.26 
18,061.00 

18,016.26 
17, 772. 36 
17,676.77 

17,772.86 
16,823.42 
12,965.23 

16,323.43 
22,219.02 
22,656.55 

22,219.02 
15, 104. 58 
18,524.40 

15, 104. 68 
19,061.20 
15. 284. 11 

19. 061. 29 
14, 647. 44 
23,549.29 

14.647.44 
15, 163. 32 
17,428.65 

15,163.32 
16. 796. 26 
23,002.41 

16,796.26 
15, 817. 17 

19. 366. 30 

15,817.17 
12, 866. 14 
12,077.26 

12. 866. 14 
28,711.91 
27, 518. 39 

28. 711. 91 
15,572.32 
32,911.12 

15.572.82 
16, 671. 52 
20,411.92 

16,571.52 
11,78.3.33 
10, 166. 62 

n,7R3.38 
19,935.00 
22, 738. 46 

22,7.38.46 
12,475.15 
19,004.21 

12,475.16 
18,136.20 

20. 340. 15 

18,136.20 
10, 077. 61 
17,663.84 

10,077.61 
18,763.46 
16, 026. 03 

18,763.46 
14, 564. 80 
24.669.80 

14,  564. 80 
14, 143. 82 
19, 522. 51 

14,143.82 
10,464.72 
17,400.10 

17, 400. 10 

13. 962. 92 
20, 250. 46 

18,962.92 
20,348«80 
I8,48La3 


Metret. 
6,861.91 
8, 881. 20 
7,400.69 

8,881.20 
6,765.82 
6,501.89 

6,765.32 
6,416.97 
5,367.35 

6,416.97 
4,975.33 
8,951.76 

4,975.38 
6,772.29 
6,906.26 

6,772.29 
4,603.83 
5,646.19 

4,603.83 
5, 809. 88 
4,658.65 

5,809.83 
4,464.50 
7, 177. 76 

4,464.60 
4,621.74 
5,312.26 

4,621.74 
5,119.45 
7,011.07 

5,119.45 
4,821.03 
5.902.79 

4,821.03 

3. 921. 56 
3,681.12 

3,921.56 
8, 751. 31 
8,387.53 

8,751.31 

4,746.40 

10,031.22 

4.746.40 
5,050.95 
6,221.50 

5, 050. 06 
3, 591. 53 
3,098.76 

3,591.53 
6,076.18 
6,930.62 

6,930.62 
8, 802. 39 
5, 810. 72 

8, 802.  39 
5,527.89 
6, 199. 62 

5,527.89 
3,071.63 
5,353.41 

3, 071. 68 
5, 719.  05 
4,884.69 

5, 719.  05 
4, 439. 31 
7, 519. 28 

4,439.31 
4, 311. 00 
5, 950. 41 

4.311.00 

3. 186. 57 
5,303.50 

6,803.50 
4,255.86 
6,172.28 

4,255.86 
6.202.18 
6,633.08 


Latitude. 


o  #  n 
47  46  18.05 
47  43  12.08 
47  44  34.39 
47  42  00.81 
47  42  00.50 
47  40  03.27 
47  40  24.04 
47  37  69  32 
47  88  56.75 
47  36  25.62 
47  38  08.92 
47  36  01. 95 
47  37  80.45 
47  35  05.31 
47  36  28.04 
47  34  40. 37 
47  33  33.51 
47  35  30. 56 
47  34  09.05 
47  35  47.68 
47  33  61.08 
47  35  36.00 
47  33  61.19 
47  35  01.82 
47  87  10.61 
47  85  42.61 


Longltode. 


o       # 


u 


108.54  36.27 
108  64  SA.  54 
108  51  10.08 
108  53  22.07 
108  46  57.53 
108  48  54.73 
108  44  17.96 
108  44  03. 36 
108  40  38.60 
108  38  57. 90 
108  36  04.  R2 
108  36  05. 20 
108  29  27. 15 
108  28  12.45 
108  24  43.91 
108  25  4a  8J 
108  21  15. 46 
108  20  ill.  1)7 
108  16  23.  f^ 
108  16  04.09 
108  12  81.44 
108  10  04. 00 
108  07  46. 80 
108  05  55.67 
106  06  52. 90 
106  0182.91 
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Tabus  II. — Tabulated  retulta  of  secondary  triangulation,  etc, — Continued. 


Stotion. 


O         I         II 

31  20  ao.  80 
92  U  36. 66 
66  24  58.50 

63  36  18.45 
82  20  43.04 
Lake 34  02  56.60 


Aorom 

Fniet.- 

suae.. 

Frost.. 
Slide  .. 


Slide 
I<Ake 


Xake.... 
Pike.... 
Cat-off.. 

Pike.... 
Cut-off.. 
Above... 

Cat-off.. 
Abore  .. 
fi<»net8. 

Above  .. 
Homebi . 
Iktiow. . . 

HometA. 
Below... 
Kest  .... 

Hornets . 
liest  . . . . 
Wilson.. 

Nest.... 
Wilson.. 
Track... 

Wilson.. 
Track . . . 
Elk 


Track 

Elk 

Bom 

Hk 

Horn 

Porgey 

Horn 

Forgey 

Trovers . . . 

Elk 

Horn 

WestBaso 

Horn 

West  Bane 
Esat  Base . 


At  Bentun : 
Ea.st  Ba.<(c  . 
West  Bane 
Hub 


Hub 

West  Base 
Beuton 


Obseryed 
angle. 


Adjnsted 
angle. 


85  58  48.63 
43  13  15.39 


Pike :J00  47  54.24 

81  46  56. 26 

46  56  22. 86 
51  17  41.22 

48  50  20. 67 
74  56  10. 60 
56  13  27. 85 

56  27  37. 05 
81  03  27. 65 
42  28  62.94 

41  46  18. 31 
84  31  38. 51 

53  42  05. 60 

29  39  34. 76 
80  38  30. 19 

63  41  53.32 

83  03  24. 19 

54  10  30.  58 

42  46  01. 52 

36  12  09. 40 

84  51  41.19 
58  56  12. 58 

60  57  22.  07 

64  23  52. 91 
45  38  42.  62 

38  29  53. 95 
79  11  51.74 

62  18  13. 62 

53  09  53. 67 
95  09  10. 20 
31  40  57. 26 

54  00  56. 36 

47  46  57.  60 
78  03  04. 29 

49  57  52. 81" 
60  39  45. 11 

63  22  16. 13 

39  02  3.>.  41 
92  40  43. 27 

48  10  37. 82 


22.77 
36.80 
25  00.43 

19.05 
43.41 
57.54 

49.85 
15.41 
54.74 

66.04 
22.21 
41.75 

20.43 
11.82 
28.25 

38.43 
28.22 
52.35 

14.43 
38.86 
06.71 

35.22 
30.88 
53.90 

25.73 
32.00 
02.27 

08.13 
40.74 
11.13 

23.56 
5.3.79 
42.65 

54.02 
51. 8:i 
14.15 

53.88 
00.53 
56.59 

56. 46 
58.63 
04.91 

55.31 
46.73 
17.96 

34.84 
46.63 
38.53 


Asimuth. 


oil! 

257  03  01. 1 
344  51  38. 3 
108  27  10. 3 

844  51  88. 3 
247  12  54. 1 
101  18  54.9 

247  12  54. 1 

24  02  41.9 
103  13  58. 8 

24  02  41. 9 
250  57  15. 7 
122  17  19-9 

250  57  15. 7 
356  03  26. 8 
119  50  07.« 

856  03  26. 8 
257  07  04. 4 
119  38  41. 8 

257  07  04.4 
352  38  09. 5 
118  50  20.  6 

352  38  09. 5 
259  16  58.  2 
143  00  07. 5 

322  58  34. 3 

197  10  39. 5 

59  57  48. 7 

197  10  39.5 

292  20  05.  6 

53  26  19.0 

292  20  05. 6 

176  46  23. 9 

42  24  55.0 

176  46  23.  9 

277  34  20.  5 

35  18  29.  6 

277  34  20. 5 

192  45  53.  3 

44  27  38. 6 

192  45  53. 3 

321  59  43.3 

66  58  23. 2 

277  34  20.  5 

164  16  30. 5 

47  38  14. 9 

164  16  30. 5 

251  29  10.2 
23  20  U.O 


Pistonoe. 


Latltade. 


Feet. 

18, 481. 23 

11.538.17 

22. 167. 13 

11,5.38.17^ 
18,459.01 
'20, 423. 63 

18. 45U.  01 
11,040.33 
12,86&86 

11.040.33  I 
114,002.15 
jlO,  333. 76 

14, 002. 15 

12. 682. 14 
16, 266. 43 

12, 682. 14 
15, 652. 02 
18,550.27 

'15, 652. 02 
il2,937.04 
19,332.12 

12, 937. 04 

7,141.17 

14, 406. 23 

14,406.23 
21,  OGO.  52 

17. 202. 34 

21, 060,  52 
14,521.57 
24,487.50 

14,521.57 
19,  079. 07 
18, 315. 17 

19. 079. 07 
13, 413. 37 

21. 166. 08 

13, 413. 37 
20, 440. 49 
25, 435. 77 

;20. 440. 49 
il6,9:{8.32 
.15,473.58 


13, 413. 37 
11.488.55 
13, 777. 31 

11,488.55 

9,  710. 86 

15, 398. 34 


Metre*. 
5, 633. 03 
3. 516. 80 
6, 756. 48 

8, 516. 80 
5,626.25 
6,225.07 

6,626.25 
3,365.06 
8,922.39 

3,365.06 
4,267.82 
3, 149. 70 

4,267.82 
3,865.48 
4, 957. 96 

3, 865. 48 
4, 770.  69 
5, 654. 07 

4. 770. 60 
3, 943. 17 
5, 892. 38 

3, 943. 17 

2. 176. 61 
4, 390. 98 

4, 390. 98 
6, 419. 19 
5.243.22 

6, 419. 19 
4,426.13 
7,463.72 

4, 426. 13 
5, 815. 25 
5, 582. 41 

5,815.25 

4, 088. 36 
6, 451. 36 

4, 088. 36 
6, 2.10. 20 
7, 752. 75 

6,230.20 
5, 162. 75 
4, 716. 30 

4. 088. 36 
3,501.68 
4, 199. 29 

3.501.68 
2, 959.  84 

4. 693. 37 


o  t  u 
47  3S62.09 
47  85  03. 16 
47  33  23.66 
47  84  06. 71 
47  82  03. 84 
47  32  88. 22 
47  30  31.59 
47  30  44.60 
47  34  03.26 
47  33  08. 75 
47  36  16.75 
47  85  69. 26 
47  89  16.00 
47  86  60.04 
47  87  48.89 
47  88  18. 80 


Longitude. 


o  I  n 
108  00  48. 98 
107  56  40.76 
107  57  46.83 
107  64  38. 84 
107  64  20. 64 
107  50  38.27 
107  60  14.12 
107  48  31.93 
107  47  01.22 
107  43  46.48 
107  44  01.10 
107  40  47. 11 
107  39  41.14 
107  37  19.34 
107  41  32.66 
107  30  18. 11 


EXTRA  STATIONS. 


Hub 

Benton 

Flagstitl.Fort 

Benton 

At  HusselslicU : 

Above 

Below 

Raid 


Abore 

Below 

Cowboy 

Above 

Below 

Williams.-., 

Above 

Below 

HoBselsbell. 


89  54  — 
11  04  — 
79  01  — 

43  14  — 
85  10  ^ 
51  35  — 

43  54  — 
37  48  — 

98  17  — 

82  49  — 
36  06  — 
61  03  — 

76  37  — 
56  57  — 
46  24  -^ 

29  06  — 
66  08  — 

84  45  — 

60  39  — 

85  40  — 
33  40  — 


10 
25 
25 

20 
30 
10 

05 
15 

40 

24.16 
49.73 
46.11 

32.01 
49.20 
38.70 

03. 90 
49.75 
06. 35 

13. 03 
14.82 
31.55 


73  01  05. 7 
204  03  48 
163  07  02 

84  05  37 
349  14  17 
220  49  45 

40  51  17 
258  38  00 

176  57  16 

298  53  18. 8 

82  49  30.9 

201  41  51.2 

208  53  18.8 

61  58  31. 3 

195  29  46. 6 


9, 869. 05 

10, 052. 95 

1,  930. 87 

10, 0,'>2. 95 

8,  788.  97 

12,  784. 65 

12. 784. 65 
8, 958. 83 

7.919.37 

19,  332. 12 
21.917.00 
13, 019. 69 

19,  332. 12 
25,  906.  85 
22,  375.  51 

298  53  18.8  119,332.12 

52  47  31).  9  I  9, 441. 80 

148  01  03.  8  17,  755. 34 

298  .53  18.  8  19.  :n2. 12 

33  10  05  3  :U),  :i90. 78 

179  32  35. 4  ,34, 765.  37 


3, 008. 06 

3, 064. 11 

588.52 

3, 064. 11 

2, 678.  85 
3,  896. 73 

3, 896. 73 
2.730.63 

2,413.80 

5,  892.  38 
6, 681).  24 
3, 968.  36 

5, 892. 38 
7, 914. 62 
6, 819. 99 

5,  892.  38 
2, 877. 83 
5, 411. 78 

5,  892. 38 

9,  263.  03 

10, 596. 39 


47  60  22. 02 


47  49  03.97 

47  80  04.46 
47  28  81. 05 
47  29  35.23 
47  26  20.74 


110  89  66.05 


110  39  49.88 

107  66  30.78 
107  55  47. 75 
107  62  08.60 
107  54  16w60 


B770      REPORT   OP   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

Table  III. — T<ibulaied  resuUa  of  9eoondary  triangulation  from  Trover  Point,  Mont,  io 

Fort  Buford,  iV.  Dak. 

[AziamthM  and  distanoes  are  in  th«  order  of  stations,  flrat  to  second,  seoond  to  third,  and  third  to  first, 

in  each  triangle.] 


Station. 


O       /  tl 

73  33  33.34 
71  42  24. 10 
34  43  5e!.  59 

33  22  12. 10 
77  23  40. 04 
68  14  03. 38 

51  51  51.24 
00  02  46. 78 
7BlackFeet 29  05  25.94 


Horn 

I'orgey 

Dog  Town 

FoTgev 

Doc  I'own 
Ballltock. 

Dog  Town 
Ban  Kock . 


Observed 
angle. 


Ball  Kwk 51  29  01.72 

7  Black  Foot.... 
Bock  I*eak 

7  Black  Feet.... 

Rock  Peak 

3  CaAon  


67  40  22.  OH 
60  50  3<3. 68 

76  57  33. 03 
71  36  40. 33 
31  25  48. 17 

7  Hlaok  F©t)t 28  58  46. 52 

aCa&ou I  53  52  41.24 

(JibHon i  97  08  31.88 


SCafion 

Gibrton 

Little  Suow. 

3  Canon 

Little  Snow . 
Gris&zlv 


65  20  14.06 
75  53  06.  73 
38  46  43. 92 

31  57  45.  97 
86  32  41.93 
61  29  30. 91 

4^  45  59. 64 
96  05  14. 04 
36  08  49. 59 

08  21  38. 74 
70  46  15.00 
40  52  03. 10 

29  18  09. 20 
21  58  30. 20 
Feiitherland 128  43  18.36 

5  Pines !  58  43  28.45 

Featborland |  87  53  34. 46 

Norria i  33  23  00. 90 

5PiDe8 :  37  09  24.14 


Little  Snow 

Gri«zlv 

Hell  Oreek. 

Grizzly 

Hell  Oi-cek. 
5  Pines 


Hell  Cm'k. 
5  Pines 


N  orris. 
Double  Hill 

Korris 

Doable  Hill 


68  18  19.58 
74  32  19. 70 

56  26  11.80 
92  44  30.77 


Last  Pine i  80  49  16.25 


Double  Hill 
Last  Pine  . . 
Juniper 

Last  Pint) . . 

Juniper 

Dry  Fork.  -. 

Juniper 

Dry  Fork... 
Peck 


Dry  FofTc 

Peck 

Galpin 

Gal  pin 

Dry  Fork 

Milk  Kiver 

Galpin 38 

Milk  River 58 


31  46  02. 89 
48  24  40. 2:) 
99  49  20. 07 

87  28  44. 82 
60  44  10.  95 
31  47  08. 08 

59  31  06. 15 
47  59  53. 78 
72  28  59. 48 

47  14  68. 97 
76  53  11. 41 
55  51  52. 37 

39  20  01.  66 
41  43  59. 76 
98  55  58. 73 


I^assau 

Milk  River. 

Kassau 

Kin  tyre 

Milk  River. 

Kintvre 

Bone'^BliitrH 

Kintyre 

Bone  Blufl's 
Lennox  . . . . 


82 

70 
75 
34 

35 

68 
75 

101 
47 
80 


57  22.60 
51  20.94 
11  16.90 

01  51. 19 
43  34. 12 
14  37. 65 

06  30. 14 
56  29. 15 

56  57. 39 

57  04. 87 
32  07. 22 
80  45.40 


Accosted 
angle. 


I      1/ 

36.14 
24.80 
50.00 

11.85 
41.76 
06.38 

49.19 
44.81 
26.00 

01.26 
22.91 
35.83 

32.27 
39.84 

47.89 

45.74 
41.92 
32.34 

13.00 
04.32 
42.68 

46.45 
42.09 
31.47 

57.82 
12.97 
49.21 

39.76 
16.01 
04.23 

09.15 
81.37 
19.48 

25.30 
33.89 
00.81 

2L90 
19.78 
18.32 

12.06 
80.74 
17.20 

02.10 
39.67 
18.23 

42.85 
10.17 
06.08 

00. 8:j 

53.49 
59.68 

58.99 
09.99 
51.02 

01.51 
50.89 
68.61 

2L72 
20.45 
17.83 

49.43 
32.83 
37.74 

81.21 
29.75 
59.03 

05.56 
06.45 
47.90 


Aeimnth. 


O        f        II 

192  45  53.30 
301  04  17.01 

86  25  35. 71 

801  04  17. 01 
198  33  16. 47 

87  48  32. 51 

198  33  16. 47 

279  31  41. 16 

70  32  03. 48 

279  31  41. 16 
107  ir  52. 77 

48  07  18. 86 

167  17  62. 77 

275  40  02. 66 

64  24  04.66 

244  15  24. 87 
10  31  22. 74 
93  21  59. 02 

10  31  22. 74 
266  23  35.  90 
125  17  05. 88 

305  11  09.74 

211  49  47.97 

93  21  38. 03 

211  49  47. 07 

295  46  53.  CO 

79  4:)  01.  24 

295  46  53. 60 

186  38  06. 46 

47  31  04. 80 

186  38  06.  46 

344  40  29. 29 

35  58  27.  57 

344  40  29. 29 
252  35  20.  97 
106  05  38. 46 

285  57  03. 09 

174  23  58. 24 

68  55  43.77 

174  23  58. 24 

261  38  51.71 

50  58  38.79 

261  38  54. 71 
130  12  35. 61 

49  58  10. 29 

130  12  35.01 

249  24  41. 89 

37  46  15. 64 

249  24  41. 89 

117  33  16. 06 

0  54  49. 28 

117  33  16.00 
220  32  39.  61 
344  45  39.38 

344  45  39. 88 
206  82  15. 32 
125  31  03. 91 

305  25  37. 95 

184  22  24.86 

86  34  01. 75 

184  22  24.  36 

288  39  10. 77 

74  31  15. 10 

254  24  13. 85 

5  34  45.35 

109  87  21.15 

5  34  45. 35 

233  06  26.  ^ 

83  43  54. 19 


Distance. 


FeH. 
20.440.43 


3« 
34 

34, 
20 
35 

20 
32 
41 

32 
29 
34 

29 
54 
53 

53 
26 
43 

26 
37 
40 

40 
24 
45 

24, 
30 
40 

30 
43 
44 

43 

27 
20 

27 
42 
49 

49 
30 
47 

30 
50 
60 

50 
26 
38 

26 
51 
44 

51 
40 
39 

46. 
40 
54 

54 
34 
36 

36 
23 
31 

23 
38 
39 

39 
23 
38 

23 
45 
84, 


409.18 
062.86 

409.18 
:41. 36 
912. 61 

241.36 
745. 78 
114.72 

7*5. 78 
338. 85 
685.90 

338.85 
812.28 
390.86 

390. 36 
069.66 
404.21 

060.66 

827. 04 
307. 32 

367.32 
317.77 
853.66 

317.77 
524.31 
993. 99 

524. 31 
363.01 

048. 05 

363. 01 
202. 11 
798.53 

202. 11 
252. 24 
403.26 

403. 26 
959. 46 
627. 59 

959. 46 
350. 42 
355. 52 

350. 42 
902.30 
218.  53 

902.30 
024.02 

555. 37 

024.02 
110.41 
760. 92 

110.41 
907.78 
255. 61 

255. 61 
811.43 
559.49 

550.49 
201. 13 
588.16 

201. 13 
751. 61 
957.72 

957.72 
689.59 

439. 12 

689.59 
645.66 
418.60 


Metres. 

6, 230. 10 
10, 487: 82 
10,382.27 

10,487.82 

6, 169. 51 

10,946.07 

6, 169. 51 

9. 980. 82 
12. 531. 65 

9,980.82 

8, 942. 40 

10, 572. 17 

8, 942. 40 
16, 706. 61 
16,273.23 

16, 273. 23 

7. 945. 96 

13, 247. 77 

7, 545. 96 
11,  529. 58 
12, 303. 85 

12, 303. 85 
7,411.90 

13. 976. 07 

7.411.90 

9,  303. 72 

12,494.85 

9, 303. 72 
13, 216. 92 
13,425.72 

13,216.92 
8, 291. 12 

6. 330. 83 

8. 291. 12 
12, 878. 36 

15. 057. 08 

15, 057. 98 

9, 436. 36 

14, 5ltt.  76 

9. 436. 36 
15. 346.  67 
18, 306. 10 

15,346.67 

8, 199. 74 

11,648.90 

!  8.199.74 
1.^  551. 98 
,13, 580, 35 

15,  551. 98 
,14, 054. 33 
12, 119. 02 

14, 054. 33 
12, 468. 58 
16, 536. 06 

16, 536. 06 
10,610.43 
11,143.23 

11,143.23 
7, 071. 64 
0,626.46 

7, 071. 64 
11. 811. 88 
12, 179. 00 

12, 179. 00 

7,220.62 

11, 716. 13 

7,220.52 
13,912.67 
10,490.06 


Latitude. 


O       #  M 


47  36  20.61 


47  30  39.88 


47  88  3«.12 


47  43  18. 56 


47  42  24.37 


47  88  1L41 


47  38  34.  ."iS 


47  41  68.38 


47  80  47. 17 


47  46  62.24 


XiOn^tude. 


O       #  11 


107  82  8LU 


107  90  57.08 


107  23  05.48 


107  24  39.82 


107  11  22.41 


107  12  31.92 


107  03  20.67 


107  00  13.20 


106  63  31.71 


106  62  ia35 


47  42  33.32     106  50  33.24 


47  44  87.67  i  106  40  43.43 


47  40  4L  74 


47  50  63.27T 


47  53  44. 56 


47  66  41.03 


48  00  n.oo 


48  05  17.67 


48  01  48.81 


48  06  36.60 


48  08  33.08 


47  60  4L26 


48  04  U.82 


106  41  27.69 


106  20  17. 4S 


106  34  18.87 


106  22  37.37 


106  32  38.43 


106  26  06.81 


106  18  48.58 


108  18  22.3^ 


106  00  22.  OS 


106  09  65.9' 


100  00  68,5 
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Tabub  III. — TaJmUUod  results  of  secondary  triangulation,  etc, — Continued. 


Statkm. 


BoneBliifffl  .. 

Ijeimox 

JLmeliaPoe  .. 

liennoz 

Amelia  Poe  .. 
SsDtee 

Amelia  Poe  . . 

Santee 

]£Ik  River.... 

Santee 

Elk  River.... 
Oswego 

£lk  River.... 

Oswego 

Hopkins 

Xlk  River.... 

Oswego 

Wolf  Point.. 

Wolf  Point  . . 

Hopkins 

Macon 

Hopkins 

Macon 

Spread  Ragle. 

Spread  Eagle. 

Macon 

Poplar 

Spread  Eagle. 

Poplar 

RedW^aier... 

Poplar 

Red  water  . . . . 
Beer  Tail.... 

Red  water  — 

Beer  Tail 

Mortar  Stone. 

Beer  Tail 

Mortar  Stone. 
Box  Elder.... 

Mortar  Stone. 

Box  Elder 

Be  Vila  Elbow 

Box  Elder.... 
BevUs  Elbow. 
BigMnddy... 

Bevils  Elbow. 
BigMnddy... 
Bonlder 

Big  Muddy. . . 

Boulder 

Big  Horn 

Boulder 

Big  Horn 

St.  Ange 

Big  Horn 

St.  Ange 

I^anark 

St.  Ange 

Lanark 

CutOir. 

Lanark 

Cutoff. 

Montana 

Cut  Off 

Montana 

Perry 


Observed 
angle. 


o      /        // 

41  50  00.81 
71  53  42.08 
66  16  10. 17 

60  02  19. 63 
38  18  09. 01 

82  39  30.07 

50  47  11. 80 

83  15  32.63 
86  57  17.47 


43 

26 

110 

110 
87 
82 

66 
70 
42 


11  50. 14 
03  01.77 
44  57.30 

01  40.70 
55  21.83 

02  44.96 

31  26. 10 
28  38.02 
50  57.80 

76  29  25. 42 

70  51  00.32 

82  39  23. 67 

84  24  36.76 

60  14  37. 32 

83  20  44. 95 

75  08  04. 42 

77  50  58. 04 
27  01  00. 10 

35  05  33.60 
87  49  04.58 
57  05  24.02 

49  66  42.61 

61  28  16  01 
68  34  69.99 

46  20  66.61 

86  14  47.68 

47  24  21.35 

62  43  47.77 
95  21  34. 13 
31  54  37. 00 

33  46  08.88 

71  42  14. 19 

74  31  34.26 

66  19  34. 11 
91  52  41. 08 
31  47  42. 29 

37  12  10. 16 
79  24  16.05 

63  23  30.75 

47  40  31. 35 

87  36  16.64 
44  34  16. 25 

34  50  37. 63 
107  15  34. 12 

37  44  46. 13 

52  30  29.40 

75  15  43. 98 
52  07  49. 99 

71  33  44.65 
61  40  48. 91 
46  45  22. 18 

35  47  42. 11 

88  20  55. 00 
55  51  22.38 

42  20  49. 60 
61  27  22. 79 
86  11  47.08 


Adynsted 
angle. 


r  II 

00.11 
42.67 
17.82 

10.86 
09.79 
30.35 

11.68 
31.64 
16.68 

50.66 
02.62 
67.81 

62.69 
24.39 
42.02 

25.82 
86.90 
67.28 

25.23 
07.92 
26.85 

37.11 
38.40 
44.40 

03.89 
56.64 
00  50.47 

33.32 
03.86 
22.82 

43.78 
15.27 
36  00.95 

54.86 
46.60 
18.54 

48.04 
35.16 
36.80 

10.71 
14.05 
35.24 

84.99 
41.66 
43.36 

11.42 
16.82 
31.75 

29.62 
14.45 
15.92 

36.92 
36.75 
47.33 

28.02 
43.15 

48.83 

46.70 
49.54 
28.76 

42.47 
56.10 
21.44 

49.85 
22.48 
47.67 


Asimnth. 


O        I         It 

233  06  26.63 

341  19  23. 59 

96  05  02.63 

841  19  23. 59 

109  39  29. 74 
102  20  45. 91 

199  39  29.74 

296  25  43.87 

79  35  U.  58 

296  25  43. 87 
142  35  31. 15 

73  16  57. 66 

142  85  31. 15 

284  36  35. 45 

72  43  29.69 

142  35  31. 15 

252  03  22.94 

29  10  39.90 

333  22  23.39 
224  15  64. 52 

77  02  03. 80 

224  15  54. 52 
344  07  58.  35 

78  48  43. 21 

164  00  27.  61 

266  17  01. 71 

59  27  36. 85 

239  17  31.65 

331  38  32. 76 

94  36  58. 18 

331  38  32.  76 
213  10  36. 57 
101  49  14.23 

213  10  36. 57 
306  69  26. 58 

79  40  18. 54 

306  59  26. 58 
222  26  12. 49 

74  27  25. 31 

222  26  12.49 

330  50  34. 34 

76  21  43. 70 

330  50  34.34 

242  46  00. 84 

94  41  39. 55 

242  46  00. 84 
343  29  30. 25 
100  07  40. 88 

343  29  39. 25 
251  07  36.  31 
115  47  52. 87 

251  07  36. 31 
323  58  01. 12 
106  16  43. 37 

323  58  01. 12 

219  17  14.02 
91  28  50. 30 

219  17  14.02 
337  40  11. 84 

110  57  45. 29 

337  40  11. 84 
246  04  05.  35 
122  00  28. 25 

246  04  05. 35 

14  41  44. 30 

108  29  00. 17 


Bistance. 


Feet. 
45.645.66 
33, 255. 40 
47,392.14 

33. 266. 49 
28, 752. 84 
20, 782.  67 

28, 752. 84 
41,330.20 

47. 496. 50 

41. 330. 20 
30, 254. 76 
19,409.77 

30,254.76 
53, 571. 64 
35, 045. 62 

30, 254. 76 
40, 690. 49 

41,  812. 03 

29, 160. 89 

52. 561. 10 
51,066.16 

52,561.10 
29,801.39 
43,781.73 

29, 801. 39 
63, 410.  20 
64, 136. 27 

64,136.27 
43, 920. 17 
76,  340. 79 

43,  »20. 17 
36,  111.  38 
41,449.15 

36,  111.  38 
35, 493. 07 
48, 948. 60 

35. 493. 07 
53, 434.  73 
66, 853. 12 

53, 434. 7» 

30. 819. 08 
52,641.48 

30,  819. 08 

48. 678. 21 
58, 461. 31 

48, 678. 21 
32, 919. 37 

53. 516. 00 

32, 919.  37 
34, 762. 96 
46,  866. 46 

34, 762. 96 
32, 566. 26 
54,229.39 

32, 566. 26 
32, 776. 20 
39, 896, 73 

32, 776. 20 

42,  685.  01 
39, 609. 31 

42. 685. 01 
30, 165, 67 
51,  553.  64 

30, 165. 67 

20. 365. 11 
23,  645. 63 


Metree, 
13, 912. 67 
10, 136. 18 
14,445.00 

10. 136. 18 
8,763.79 
6,334.50 

8,768.79 
12, 597. 33 

14. 476. 80 

12, 507. 33 
9, 221. 57 
5, 916. 04 

9, 221. 57 
16, 328. 48 
10,681.81 

9, 221. 57 
12, 402. 35 
12,744.19 

8, 890. 90 
16, 020. 48 

15,  564. 82 

16,  020. 48 
9, 083. 38 

13, 954. 14 

9, 083. 38 
19, 327.  28 
19, 548.  56 

19,  548. 56 
13, 386.  75 
23, 268. 46 

13,386.75 
11, 006. 65 
12, 633. 59 

11, 006. 65 

10. 818. 19 

14. 919. 40 

10,818.10 
16, 286. 76 
20, 376, 65 

16, 286. 76 

9, 393. 57 

16, 044. 98 

9,  393. 57 
14, 836. 98 

17,  818. 84 

14, 836. 98 
10,033.73 
,10,311.53 

10, 033.  73 
10, 595.  65 

14,  28-1. 77 

10,  593. 65 

9,  926. 11 

16, 528. 97 

9. 926. 11 
9, 990.  09 

18. 160. 41 

9. 990. 09 

15,  010.  27 

12. 072. 81 

13, 010. 27 

9.194.41 

15,  713. 41 

9. 194. 41 
6, 207.  2:J 

7. 207. 12 


Latitude. 


O         I         II 

47  69  00. 40 

48  03  27.68 
48  00  25. 69 
48  04  22. 75 
48  02  08. 68 
48  06  26. 05 
48  08  19. 77 
48  03  36. 87 
48  08  59. 28 
48  02  37.76 
48  07  35. 92 
48  04  04. 97 
48  10  33. 70 
48  06  08. 14 
48  09  47. 47 
48  04  35. 98 
48  06  26. 66 
48  02  06. 68 
48  06  16.91 

47  59  47. 20 

48  01  47. 76 
47  58  33. 35 


Longitude. 


oil! 
105  58  22. 00. 
105  55  59.62 
105  46  55. 42 
105  51  26. 01 
105  38  43. 35 
105  41  55. 68 
105  29  42. 52 
10.')  27  32.  m 
105  14  09. 51 
105  09  02. 55 
105  01  11.31 
104  67  13.  97 
104  48  22.05 
104  44  40. 85 
104  34  02.  50 
104  31  44.79 
104  23  40.  17 
104  18  58. 33 
104  13  52.  r^ii 
104  09  M.Ut 
104  03  08.  55 
104  04  24. 47 
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Table  IV.^TalmlaM  re9ulf9  of  secondary  trian^fulation  firom  Fori  Bu/ordf  If.  Dak., 

to  Bismarckf  X.  Dak. 

[▲dmotlis  Mid  diatanoM  an  in  the  ordef  of  stations,  first  to  seoond,  seooiui  to  third,  and  third  to  flis^ 

in  each  triangle.] 


SUtlon. 


Observed 
angle. 


Montana '  01  59  51.84 

Ferry •  45  12  39,  T8 

Bnford !  42  47  32.08 

Ferry '  32  58  33.30 

West  Base 117  13  30.88 

Glass  Bluff 29  47  50. 22 


West  Base 
Bast  Base. 
Bnford.... 


45  54  30.35 


t 


Bnford 

Glass  Bin  If. 
Trenton — 


83  %3  rj.  10 
70  S2  13.06 

93  06  15. 82 
34  25  49. 45 
52  27  50. 95 


Glass  Blair 47 

Trenton 76 

Beservation 55 

Trenton '  58 

Beservation !  78 

Jones  Cut 42 


Beservation 
Jones  Cnf . . 
Scott 


35 
98 
46 


Jones  Cut 33 

Scott 107 

Williston 38 

Scott 

Willi«ton 

Ehorat 

Ehomt 

Scott 


92  00  55. 90 
42  Ji)  00. 11 
45  30  05. 77 

64  58  13. 79 
34  11  36.32 
GerieM '  80  50  08.20 


46  31.  57 
45  14.07 
28  17. 10 

•U  10.07 
S3  25.53 
:«  27.  76 

.19  34. 06 
20  16. 10 
00  08.68 

25  08. 90 
57  10.41 
37  39.69 


GerieH •  71  58 

Ehorst 79  06 

Lagoon 25  55 

Ehomt I  63  20 

Lagoon j  37  37 

Bad  Lands ■  78  52 

Lagoon 67  10 

Bad  L:inds I  55  01 

Plum '  57  48 

59  44 

49  26 

70  48 


Band  Lands 

Plnm 

Harris 


Plom I  45  50 


HarriH  .. 
Fire  Hill 

Harris  .. 
Fire  Hill 
Nesson.. 

Fire  Hill 
Keaaon . . 
Tobacco . 

yesson . . 
Tobacco. 
Grlnndl. 


Tobsicco 

Griunell 

Lone  Butte. . 

Grinnoll 

Lone  Butte  . 
Straw Ijcrry  . 

Lone  But  to.. 
Strawberry  . 
White  Earth 

Lone  Butte.. 
Strawberry  . 
Elk  Horn  . . . 


Elk  Horn 

White  Earth 

Crow  Flies  High . 

White  Earth 

Crow  Flies  High . 
Stony  Hill.  .TIT... 


97  04 
37  04 

41  40 

90  18 
48  00 

70  52 
6:)  24 
45  42 

30  04 
114  38 

35  17 

40  54 
81  55 
48  10 

48  47 

26  34 

104  37 

78  40 
69  .'U) 

31  20 


52.11 
02.02 
04.11 

27.44 
55.30 
38.74 

33.63 
04.58 
21.56 

54.59 

07.08 
56.88 

50.63 
20.00 
40.24 

20.  .32 
49.04 
54.90 

43.41 
57.84 
17.40 

24.93 
23. 82 
12.42 

08,85 
00.87 
52.40 

30.26 
47.  89 
39.60 

32. 92 
04.08 
2C.06 


107  14  34.00 
39  20  07. 35 
33  16  19.01 

02  08  47. 76 
33  03  33. 04 
64  47  43.02 

44  16  25.02 
76  41  84.00 
M02  0L56 


:l! 


angle. 

50.06 
39.05 
30.90 

34.79 
32.56 
52.65 

31.35 
13.92 
14.72 

17.62 
49.33 
53.05 

30.48 
13.59 
15.93 

07.78 
24.47 
27.75 

34.45 
16.58 
08.97 

08.59 
10.03 
40.79 

55.45 

28  5H.37 
06. 18 

13.95 
:i6.85 
09.20 

53.00 
02.85 
01.15 

27.66 
51.42 
37.92 

33.*65 

05.15 
21.20 

54.911 
07.54 
57.56 

50.87 
19.64 
49.49 

18.62 
48. 35 
53. 03 

43.86 
58. 11 
18.03 

24.54 
23.58 
11.88 

07.85 
00.62 
5L54 

31.29 
47.99 
40.72 

31.93 
02.34 
25.73 

34.03 
06.67 
19.30 

45.63 
31.56 
42.81 

25.60 
32.64 
OL07 


Aaimnth. 


O  f  M 

14  41  44.30 
239  53  26.98 
102  45  39.69 

251  47  01. 74 

314  36  59. 78 
104  52  00.85 

262  58  43.04 

146  34  00. 56 

37  05  23. 01 

338  54  57.52 

193  22  29. 34 

65  51  45.51 

193  22  29.34 

296  38  38.78 

61  15  IL  35 

296  38  38.78 

195  36  51. 91 

58  11  09.50 

195  36  51.91 

277  18  25. 17 

61  23  44.47 

277  18  25. 17 

205  21  04.25 

64  00  50.34 

205  21  04.25 
342  54  10. 90 
117  20  05. 04 

117  26  05.04 
331  33  36. 51 
232  25  46.43 

2:^2  25  46. 43 
333  21  48. 18 
127  29  19. 62 

333  21  48. 18 

191  02  18. 14 

89  55  56. 75 

191  02  18. 14 

316  02  13. 59 

78  17  51.64 

316  02  13. 50 

185  32  20. 43 

76  21  48.53 

185  32  20.43 

268  28  31. 20 

51  29  57. 55 

268  28  31.20 

178  53  35.46 

46  54  22.06 

178  53  35.46 

295  28  30. 76 

69  52  54. 16 

295  28  30.76 

230  13  35. 87 

85  35  44.72 

230  13  35. 87 
328  23  31. 46 
100  16  07.60 

328  23  31.46 

175  01  47. 11 

99  39  01. 14 

175  01  47. 11 

285  02  18. 03 

73  61  13.05 

175  01  47. 11 

315  32  13. 75 
102  22  09. 37 

218  41  67. 16 

5  41  3L03 

130  53  12.31 

5  41  31.03 
262  22  27. 82 
141  29  21.67 


Distance. 


Feet. 
20,365.11 
<29,969.68 
21,275.43 

26,423.89 
22, 369. 91 
'36,646.72 

11,400.35 
t  a  684. 32 
tl0,825.94 

26,100.31 
32, 866. 96 
118,609.86 

'32.865.95 
29,641.69 
38,832.19 

29,641.69 

37, 281. 74 
,42,874.11 

37,281.74 
30,212.49 
51,2n.74 

30,212.49 
26,655.15 
46,040.73 

26, 665. 15 

37. 347. 17 
25,238.77 

25,238.77 
23,164.26 
jl4,367.26 

14,367.26 
31, 748. 07 
32,277.04 

31,  748. 07 
28,953.95 
19, 755. 90 

28, 953. 96 
31.  535. 64 
28,033.08 

31,635.64 
28, 842. 60 
25,365.30 

28.842.69 
34,322.66 
,47,473.18 

'34,322.56 
30, 600. 82 

46. 174. 18 

80, 609. 82 

40. 525. 19 
,38, 357.  U 

30, 525. 19 
35,154.31 
63,766.44 

35,164.31 
36, 083. 17 
46,702.23 

'36.083.17 
28.05.5.47 
|16, 686. 17 

'28,055.47 
52, 889. 93 
50,68L96 

28,066.47 
48,840.4? 
32,518.04 

27,040.84 
33, 070. 58 
18,062.63 

33, 07a  68 
26.023.46 
,37,631.08 


I  MHree. 
6,207.23 
9, 131. 63 
6,484.69 

6.225.15 

6,818.29 

11,139.03 

3,474.79 
2,646.90 
3,290.72 

7,955.30 

10,017.46 

6,672.24 

10,017.45 

9, 004. 19 

11,835.94 

9,004.19 
11, 363. 37 
13,067.91 

11*303.37 

9,206.60 

15,629.32 

9.208.69 

8, 124. 42 

14,033.00 

8,124.42 

11,383.31 

7,692.71 

7,692.71 
7, 060. 40 
4,379.10 

4,379.10 
9,676.72 
9,838.23 

I  9,676.72 
!  8,825.09 
I  6,021.57 

i  8,825.09 

'  9,611.95 

8,544.41 

9,611.95 
8,79L17 
7,731.27 

8,791.17 
10,461.42 
14,469.69 

10,461.42 

9,357.22 

14,073.76 

9,367.22 
12,351.96 
11, 601. 14 

12,35L96 
10, 714. 94 
19,435.63 

10,714.94 
10,  998. 06 
14,234.71 

10, 998. 05 
8, 551. 23 
6,085.90 

8,551.23 
16, 120. 70 
15,447.72 

8,561.23 

14,886.48 

9,911.41 

8,241.07 

10,079,82 

6,602.39 

10,079.82 

8,206.19 

11,489.64 


Latitude.    •  Loagitode. 


o     '       « 


O         «         /« 


48  01  01. 49     lOCI  68  03. 31 


47  57  01.14  103  66  45.40 

47  60  36.26  103  50  39. 2K 
47  59  49. 98  103  56  52. 94 


48  02  16^67  t  103  53  .'i3.54 

I 
I 

48  00  05.75     103  47  25.34 
48  06  00. 06  I  103  44  57. 51 


48  05  21. 90  I  103  37  36. 16 


48  09  19.57  •  103  34  47.87 


48  03  27.28  103  32  06.26 


48  02  00. 86  103  34  53. 87 


47  58  47. 17  '  103  28  37. 06 


48  03  27. 61  I  103  27  15.48 


47  50  43. 48  103  21  53. 65 


48  04  26.78 
48  04  35.48 
48  09  38.38 
48  06  46. 02 

48  10  27. 76 

I 

48  06  24.41 

'  48  10  00.23 

I 

I  48  07  44. 12 
48  04  15.94 
48  02  19.88 
48  02  54.46 


103  21  12.  G7 
103  12  47.46 
103  VI  56.24 
10:1  03  57. 17 
102  57  18.  .'iO 
102  52  40.07 
102  63  15.92 
102  40  43.08 
102  44  62.26 
102  41  31.83 
102  34  68.63 
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Tablb  rV. — Tabulated  results  of  secondary  iria/ngulatiouy  etc. — Continued. 


SUtton. 


Crow  Flies  High 

StonrHill 

Knife  River 

Crow  Flies  High 

Knife  Bivar 

OakBidge 

Knife  Biver 

Oak  Ridge 

Second  Kidge  . . . 

Knife  River 

Second  Ridge 

Saddle  Mountain 

Saddle  Mountain 
Second  Kidee  . . . 
Indian  Credc — 

Second  Ridge  . . . 

Indian  Creek 

Maneory 

Second  Ridge  . . . 

Maneory 

Independence . . . 

Second  Ridge  . . . 
Independence . . . 
SUde 

Independence . . . 

Slide 

Mission 

Independence . . . 

Mission 

LtSttleMissoari.. 

Mission 

Little  Missonri.. 
Down 

Mission 

Down 

Scoria 

Down 

Scoria 

Cairn 

Scoria 

CAirn 

Borthold 

Cairn 

Berthold 

Guide  Meridian . 

Berthold 

Guide  Meridian . 
Chippewa 

Guide  Meridian . 

Chippewa 

Cook 

Chippewa 

Cook 

Smanuel 

Chippewa 

Emanuel 

Stevenson 

Emanuel 

Stevenson 

Winslow 

Stevenson 

Winslow 

Bohinson 

Stevenson 

Winalow 

}oa1  Harbor 

Toal  Harbor 

iTinslow 

lanoock 

lancock 

)oal  Harbor 

Jandgoist 

Tanoook 

undgaist 

ioffauM 


Observed 
angle. 


0  t      n 

40  21  46.54 
101  46  05. 50 

37  52  08.96 

58  16  52.65 

78  25  17.71 
43  17  48.54 

52  00  52.91 
61  13  38. 26 
66  36  29.61 

43  55  11.87 
72  14  15.88 
68  SO  36.20 

40  58  09.81 
80  06  3L82 
58  65  19.54 

32  21  1424 
85  56  45.96 
61  39  56. 14 

33  12  58.16 
116  37  38. 00 

30  09  24.87 

23  09  02. 32 
98  53  46. 32 

57  57  16. 65 

84  14  14. 95 
50  58  42. 60 

35  47  03. 07 

29  47  17.82 

01  14  47.91 

88  57  54.54 

93  01  46. 54 

52  01  05. 60 

34  57  03. 20 

53  27  28.83 
93  43  04.44 
32.49  32.79 

42  32  14. 17 

66  58  32. 68 
70  29  10. 18 

89  45  55,27 
.W  69  IL  72 

31  14  54. 14 

23  54  35. 31 
05  25  03.20 
60  40  23. 93 

58  45  45.82 
76  41  13.33 

44  32  58.49 

29  35  37. 86 

38  44  21. 81 
111  39  58.07 

76  47  26. 68 
63  40  33.44 

39  31  58.08 

41  51  51. 82 
115  13  28.56 

22  54  45.47 

67  45  01.77 
41  34  04. 00 

70  40  48.87 

53  59  06.73 
46  30  02.96 

79  30  51. 44 

43  00  49.93 

71  32  14.88 
65  26  49.95 

48  57  07. 25 

72  04  18.40 
58  58  41. 65 

09  56  30. 52 
43  37  10. 53 

36  26  19. 32 

52  26  58. 10 
63  26  15. 73 
65  06  45.56 


Adjusted 
angle. 


46.18 
05.12 
06.70 

52.12 
18.68 
49.20 

51.56 
40.19 
28.26 

ILOl 
15.89 
33.00 

08.35 
82.26 
19.39 

16.00 
46.17 
67.83 

57.32 
38.12 
24.55 

08  59.93 
45.76 
14.81 

15.86 
12.28 
02.36 

18.43 
47.23 
54.35 

47.89 
07.57 
04.54 

28.41 
02.91 
28.68 

15.22 
33.42 
11.36 

54.12 
11.83 
54.05 

35.73 
02.03 
22.24 

47.07 
13.71 
59.22 

37.98 
22.74 
50.27 

28.70 
34.88 
58.41 

49.89 
27.56 
42.55 

04.54 
05.75 
49.70 

09.17 
03.06 
47.77 

50.63 
16.50 
52.86 

05.06 
14  94 
40.01 

30.91 
10.13 
18.96 

58.42 
16.05 
45.53 


Asimuth. 


O       I       it 

262  22  27.82 
840  41  14  71 
122  50  48.49 

802  44  1405 

44  25  29.64 

18100  64.60 

44  25  29.64 
285  32  24. 05 
172  16  52.44 

352  15  37.95 
100  02  36.92 
216  05  02.48 

279  55  36.25 

19  56  04  57 

140  58  53.97 

19  56  04. 57 
285  52  59. 57 
167  36  08.00 

347  84  48. 52 
284  13  46. 12 

134  29  40.90 

314  21  51. 12 
233  23  26.78 
111  24  45. 98 

233  23  26.78 

353  28  49. 24 
137  42  45. 40 

317  37  42. 23 

76  27  58. 12 

167  26  26. 61 

76  27  58. 12 
306  25  28. 60 
163  27  37. 63 

343  26  10. 19 
257  10  40.63 
110  07  32. 69 

257  10  40.63 

10  19  30.43 

119  49  20.74 

10  19  30.43 
249  17  43.93 
100  42  25.53 

240  17  43. 98 

334  02  29. 28 

93  24  14  48 

334  02  29. 28 

230  45  50. 66 

95  23  25.34 

230  45  50. 66 
12  06  03. 35 
80  25  24. 47 

12  06  03. 35 
255  45  58. 65 
115  22  37. 11 

295  18  36. 62 

230  36  04. 72 

73  36  40. 33 

230  36  0472 

9  07  51. 90 

118  25  51. 27 

9  07  51. 90 
235  36  44. 03 

135  12  35. 45 

9  07  51. 90 
260  38  57. 57 
146  11  21.10 

80  44  28. 15 
332  43  12. 50 
211  44  07. 48 

211  44  07.48 
S48  10  12.77 
131  45  5».  60 

311  40  38.49 

69  19  43. 61 

184  07  00.74 


Distance. 


FeeL 

26.923.46 
28,404.42 
42,937.44 

42,937.44 
53,259.13 
61,337.04 

53,259.13 
45,829.39 
50.864.89 

50. 864. 39 
39,307.53 
53,966.56 

39,307.53 
30, 091. 10 
45, 212. 86 

30,091.10 
18, 295. 24 
34, 102. 51 

34, 102. 51 

37. 186. 28 

60. 683. 82 

60,683.82 
28, 145. 91 
70,731.79 

28, 145. 91 
47.891.57 
41, 676. 89 

41, 676. 89 
20, 708. 32 
36,543.96 

20, 708. 32 

36. 097. 24 
28, 492. 13 

28. 492. 13 

42. 229. 14 
52,451.16 

42. 229. 14 
30, 289. 62 
41, 233. 53 

30, 289. 62 

58. 389. 29 
50, 042. 79 

58, 389. 29 
27, 143. 91 
06, 673. 57 

27, 143. 91 
33, 083. 27 
37, 652. 75 

33, 083. 27 
17,  580. 13 
22, 286.  82 

17,  580. 13 
26,  888. 34 
^4, 755. 09 

24, 855. 09 
42, 4.15.  03 
57, 523.  22 

42, 435.  03 
41,619.34 
29,836.27 

41. 619. 34 
34, 236.  57 
30, 702.  86 

41, 619. 34 
31.213.88 
43, 401.  51 

31,313.88 
27. 469.  00 
34,  654. 83 

34. 654. 83 
57, 469. 16 

40. 250. 25 

40, 250. 25 
35, 177. 81 
39, 334. 98 


MetfM. 
8, 206. 10 


8 
13 

13 
16 
18 

16 
13 
15 

15 
11 
16 

11 

9 

13 

9 
5 

10 

10 
11 
18 

18 

8 

21 

8 
14 
12, 

12 

6 

11 

6 

11 
8 

8 
12 
15 

12, 

9, 

12 

9 

17, 
15 

17 

8 

20 

8 

10 
11 

10 
5 
6 

5 

8, 


t 
12 
17 

12 

12 

9 

12 

10 

9 

12 

9 

13 

9 

8 
10, 

10 
17 
12 

12 
10 
11 


657.50 
087.21 

087.21 
233.24 
695.36 

233. 24  ^ 

968.67 

503.33 

503.33 
980.82 
448,86 

980.82 
171.68 
780.76 

171.68 
576  34 
394.35 

894.35 
334.27 
496.26 

406.26 

578.80 
558.85 

578.80 
597.22 
703.00 

703.00 
311.84 
138.50 

311.84 
002.34 
684.33 

684.33 
871. 32 
986.97 

8n.32 
232.19 
567.86 

232.19 
796.89 
252.90 

796.89 
273.39 
321.93 

273.39 
083.69 
476.48 

083.69 
358.37 
789.91 

358.37 
105.49 
545.28 

545.28 
934  08 
532.92 

934.08 
685.46 
094  01 

685.46 
435.21 
358.15 

685.46 
513.90 
228.66 

513.90 
372.47 
562.70 

562.70 
516. 44 
268.16 

268.16 
722.10 
989.19 


Latitude. 


o  /  " 
47  58  29. 89 
47  52  14. 17 
47  50  12. 49 
47  51  19.75 
47  45  33.30 
47  44  32.80 
47  43  12. 26 
47  45  58.77 
47  38  09. 18 
47  37  21.25 
47  33  39.64 
47  35  11.70 
47  30  17.60 
47  83  40.56 
47  29  39.66 
47  33  06.02 
47  30  16.36 
47  31  21. 44 
47  85  46. 98 
47  29  01. 42 
47  32  12. 06 
47  29  51. 23 
47  25  00. 43 
47  20  36.  OG 
47  18  33.22 


Longitude. 


o  /  // 
102  32  40. 59 
102  41  47.32 
102  31  00. 20 
102  40  27: 67 
102  33  30. 34 
102  29  12.89 
102  20  25. 70 
102  14  55. 11 
102  13  35.72 
102  18  29. 59 
102  11  37. 30 
102  01  36.71 
1Q2  02  55.77 
101  49  39.49 
101  46  46.49 
10140  32.98 
101  41  20.65 
101  35  06. 96 
101  27  08. 57 
101  28  44.72 
101  21  53. 01 
101  21  16.24 
101  25  41. 67 
101  18  25. 19 
101  26  22.76 


3774      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  IT.  S.  ARMT. 

Tablb  IV. — TdbulaUd  reaulU  of  secondary  triangulation,  eto. — Continued. 


Station. 


Observed   'Actuated 
angle.       |   angle. 


SiindguiBt 

Hoffman 

Stanton 

St-anton 

Sungiiist 

Swenshcni 

Swensliem 115  16 

Stanton i  37  58 

Mandan  Lake {  26  45 

SweuHheni '  32  07 

Mandan  Lake 117  ()0 

W^^shbuni I  30  42 

Mandan  i^ako '  53  48 

Waahbuni !  38  57 

Kanch \  86  14 

Waahbiirn :  52  06 

Kanch '  95  01 

Ivcraon 32  49 

37  27 
94  58 
47  33 

36  25 

02  54 
50  40 

73  52 
47  14 
58  52 

40  09 
46  16 

03  34 

53  53 
97  26 
28  40 


o      '  It 

34  18  00.  Ti 
61  35  00. 84 
84  06  53. 12 

25  43  3-1. 52 
70  00  15. 90 
84  16  10. 90 


Ranoh 

Iveraon 

Square  Batto. 

iTerson  — .. 
Square  Butte. 
Wopan 

Square  Butte. 

Wogan 

Harmon 

"Wogan 

Harmon 

Sperry 

Harmon 

Sperry 

Mandan 


Sperry 

Maiiduu . . . 
MuryHville 


22.40 
32.64 
07.18 

48.75 
36. 32 
33.03 

07.21 
34.10 
16.97 

46.60 
54.03 
17.05 

41.47 
44.02 
37.12 

06.70 

1L77 

47.31 
16.35 
55.79 

00.83 
42.74 
18.13 

13.47 
04.47 
45.26 

48  21  54. 88 
72  39  21.84 
63  58  45.08 


oa9i 

34  58.88 
52.21 

34.64 
15  23 
10.14 

22.17 
3L62 
06.21 

40.67 
86.96 
83.36 

07.53 
34.42 
18.05 

47.12 
55.31 
17.57 

30.58 
43.26 
37.16 

06.70 
40. 12 
13.18 

47.58 
16.74 
65.68 

08  58.80 
43.99 
17.20 

11.50 
03.83 
44.58 

54.60 
21.09 
44.22 


Asbnuth. 


Q         I  II 

69  10  43. 61 
310  48  51. 15 
214  58  24. 37 

214  58  24. 37 

325  01  10. 32 

60  46  32. 14 

60  46  32. 14 
278  40  30. 63 
125  35  57. 93 

305  30  09. 88 

242  45  35. 01 

03  34  44.72 

242  45  35. 01 

22  54  36. 76 

116  37  58.67 

22  54  36. 76 
297  54  12. 16 
150  51  n.86 

297  54  12. 16 

28  03  10. 76 

155  26  45.43 

23  03  10.76 
295  55  02.82 
166  40  12. 03 

295  55  02. 82 

68  45  4L04 

189  47  02. 55 

68  45  41.94 
294  56  42.27 
208  34  35. 31 

284  56  42. 27 

17  34  14. 17 

168  51  28.99 

17  34  14. 17 
270  11  34.75 
154  15  24.04 


Distance. 


35. 177. 81 
19,929.92 
31. 103. 09 

31, 103. 00 
13,568.81 
29,374.82 

29. 374. 82 
59,012.92 
40, 155. 54 

40, 155. 54 
41,819.74 
60,900.79 

41, 819. 74 
33,820.64 
26,916.58 

33, 820. 64 
49,267.23 
62, 156. 41 

49,267.23 
40. 604. 13 
66.506.94 

40, 604. 13 
31.163.91 
32,125.47 

31,163.91 
34,970.74 
26, 725. 64 

34,970.74 
22,592.44 
25,322.97 

22,502.44 
38,03L32 
46,68L86 

38,031.32 
29,050.63 
40,307.02 


Metrei, 

10, 722. 10 

6,074.58 

9,480.14 

9,480.14 
4, 135. 74 
8,963.36 

8,953.30 
17,986.97 
12,239.80 

12,239.30 
12,746.54 
21,323.85 

12,746.54 

10,308.44 

8,304.10 

10, 308.  U 
15,016.51 
18,945.10 

15,016.51 
12, 376. 03 
20,27L13 

12,376.03 

9.498.09 

15, 979. 14 

9,498.09 

10, 658. 99 

8,145.90 

10, 658. 99 
6, 886. 11 
7, 718. 37 

6,886.11 
11,591.84 
14,228.35 

11, 501. 84 

8,857.29 

12,312.90 


Latitade. 


o       '         '/ 

47  16  24.00 
47  18  40.81 
47  14  55.88 
47  IS  04. 45 
47  12  60.94 
47  09  08.80 
47  03  00.07 
47  00  45.43 
40  58  40.13 
40  57  05.97 
40  51  08. 07 
40  51  00.89 


Longitade. 

101  22  44.04 
101  16  32.3S 
101  08  38. 54 

100  59  39114 

101  02  49. 83 
100  52  19.90 
100  56  09. 54 
100  49  25.10 
100  57  15.  U 
100  52  UL87 
100  55  05.04 
100  48  06.99 


Table  Y. — Tabulated  reeulta  of  secondary  triangulation  from  Bisfnarok  to  Pierre. 

[AziuuUbs  and  distances  are  in  the  order  of  stations,  tlrst  to  second,  second  to  tiiird,  and  third  to  first, 

in  each  triangle.] 


Station. 


Mandan 

MarysviUe 


Observed 
angle. 


O   I 


ti 


Lincoln 51  35  15.47 


Marysville . 

Lincoln 

Bismarck  .. 

Lincoln 

Bismarck  . . 
South  Base. 

Lincoln 

South  Base. 
I^orthBase 

Bismarck  . . 
Lincoln 


80  28  43.41 
67  55  58. 13 


69  20  47. 61 

31  12  44. 84 
79  26  36.15 

40  10  19. 16 
34  02  32. 31 
96  47  03.54 

58  23  38. 83 
50  15  02. 51 
62  21  15. 47 

32  42  !)L55 
109  30  50. 85 

LitUe  Hart 37  46  15. 47 

52  18  43.02 
49  20  41. 20 
78  20  20.20 

71  19  40.89 
61  18  29. 15 
57  21  49. 28 

81  40  44.08 
77  41  33.40 
40  31  43. 43 

Kiverside 64  59  49.83 

Glencoe 36  58  28.75 

FortEioe 78  0140.82 

Glencoe 49  13  50.35 

Fort  Rice 58  22  17.97 

Mdntyre 72  23  56.86 


Bismarck 

Little  Hart 

Kayhall 

Little  Hart 

Kayhall 

Biverside 

Kayhall 

Riverside 

Glencoe 


Adjusted 
angle. 


I      // 

44.13 

56  00.50 

15.37 

45.60 
42.58 
3L82 

20.43 
33.61 
05.96 

40.72 
03.94 
16.34 

49.43 
57.56 
18.02 

45.86 
43.46 
80.68 

4L14 
29.63 
49.23 

44.37 
82.56 
43.07 

50.13 
28.04 
4L83 

48.54 
16.90 
54.56 


Aaimath. 


o     /       /# 

270  11  84. 76 

22  20  39. 16 

150  43  15. 24 

22  20  38. 16 
233  31  13. 30 
133  02  03.99 

233  31  13.30 

19  32  44. 34 
102  44  30. 51 

282  41  33. 76 

161  59  34  47 

44  19  55.83 

58  35  17.98 
343  01  56.77 
200  49  32.  a 

20  52  28.48 
250  10  16. 05 
148  37  U2. 29 

250  10  16. 05 

18  58  01. 77 

141  83  46.89 

18  68  0L77 
276  37  08.97 
137  18  54. 52 

276  37  08.97 

59  48  43. 06 
161  38  56. 56 

59  48  43. 06 
298  02  55. 61 
180  33  22.56 


Distance. 


Feet. 
29,059.03 
32,2TL91 
34, 370. 05 

32,27L91 
30,717.61 
17,  OIL  42 

30,717.01 
23,407.26 
17,317.20 

17. 317. 26 
16, 649.  55 
16, 800.-88 

30,717.61 
27, 103. 94 
4"  270. 15 

47, 270. 15 
38, 195. 76 
36.616.92 

38,195.75 
42,969.88 
85, 402. 18 

42,909.88 
68,264.91 
04,005.28 

58,264.91 
53,978.80 
35, 823. 09 

53,978.80 

42. 888. 27 
48,218.51 


Metree. 

8,857.29 

9,830.39 

10,476.89 

9,830.89 
9,802.04 
5,186.03 

9,302.04 
7,134.40 
6,278.25 

6,278.25 
5, 074. 74 
5,120.85 

9,362.04 

8,201.21 

14,407.81 

14,407.81 
ll,O4L00 
11, 100. 74 

11,041.90 
18,097.10 
10,790.49 

13, 097. 10 
17,758.98 
19,09L51 

17,758.98 
16,452.5» 
10,918.78 

16,452.58 
13, 072. 22 
14,606.87 


Latitude. 


o     I        " 


46  46  12.28 


40  49  12.84 


40  45  34.00 


40  48  10.88 


40.41  66.32 


40  44  03. 89 


40  87  22.72 


46  36  15.60 


46  31  47. 13 


40  28  27.70 


Lon^tode. 


Of        n 


100  51  03. 22 


100  45  08.  U 


100  47  00. 60 


100  48  14.  58 


100  49  09.74 


100  40  33. 06 


100  43  54.  OE 


100  30  U5.23 


100  41  12. ' 


100  32  U.^ 


BBB 
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Tabuc  V. — Tabulated  results  of  secondary  triangulation,  etc. — Continued. 


Statioii. 


FortRioe... 
Mclntyre  ... 
Cunnoh  Ball. 

Mclntyre  . . . 
Cannon  Ball. 
Gayton 

Cannon  Ball. 

Gayton 

Girens 


0  /  If 

47  42  01. 02 
75  06  46. 00 
57  11  11.60 

48  12  53. 80 

49  16  53. 36 
82  30  13.66 

57  16  29.58 

01  15  48.60 
61  27  40.84 

31  28  24. 83 

108  29  47. 83 

40  01  47. 77 

65  24  25.60 

64  05  02. 32 

50  30  33.99 

65  39  23. 72 
61  13  36.98 
50  06  57. 54 

49  U  35.30 
87  34  00.21 
43  14  19.48 

52  17  04. 84 
60  44  13.29 

66  58  43.97 

BattleCreek 53  08  04.54 

Cathead I  36  03  55.08 

FortYatoB 90  48  02.87 


Gayton......... 

Givenn 

Beaver  Creek. 

Givens 

B4Baver  Creek . 
Van  Solon 


Beaver  Creek 

Van  Solon 

Uttle  Beaver. 

Van  Solen 

UUle  Beaver. 
Battle  Creek . 

Utile  Beaver. 
Battle  Creek . 
Cathead 


Ohflerred 
angle. 


Cathead 

Fort  Yatea . , 
VFinona 


72  :J5  25. 44 

43  33  05.  08 

!  63  51  3U.85 


Fort  Yatee 38  58  47.74 

"Winona 105  14  14.50 

FizeHeart 35  47  01.04 


"Winona 

Fire  Heart ... 
lAcBay 

McSay 

FMre  Heart ... 
Martin 


MeRay  

Martin 

Doerschlag. 

Martin 

Doerachlag. 
St.  Benedict 

Itoersohlag. 
St.  Benedict 
I«a  Grace — 


St.  Benedict 

rA  Grace 

Box  Elder.. 

I<a  Grace . . . 
Box  Elder.. 
Kirkland... 

Box  Elder.. 
Kirkland... 
Blame 


Kirkland. 

Blmne 

Campbell. 

Blame 

Campbell. 
Both 

Blame 

Both 

AHhley  — 

Both 

Aehley 

Aake 


Ashley 

Aake 

Grand  Kiver 

Aake 

Grand  River 

Blue  Blanket 

Alike 

luo  Blanket 

'oKXdaiid 


43  43  23.51 
50  57  59. 66 
85  18  38. 32 

50  10  44.43 
96  22  17. 54 
84  27  00. 91 

56  41  48. 69 
43  10  23. 03 
81  07  50. 63 

k06  43  30. 98 
40  22  33. 13 
32  53  54. 58 

50  53  16. 75 

38  46  25. 83 
90  20  18. 80 

76  28  08. 11 

52  59  33. 55 
50  82  19.49 

32  50  57. 85 
84  52  38. 32 
62  07  24. 74 

61  58  55. 24 
64  57  38. 00 

53  03  26. 13 

45  34  31. 20 
67  56  21. 71 
66  29  08. 02 

88  46  43.4.5 
52  03  29. 39 

39  09  42. 77 

46  37  25. 54 

69  03  09. 03 
64  19  31. 88 

81  00  21.41 
37  02  Xi.  23 
61  57  10. 41 

57  30  06.  63 

70  28  25. 66 
52  01  25. 88 

61  50  06. 62 
55  41  41. 75 

62  28  09. 79 

49  00  49. 17 
83  25  28. 18 

47  24  43.63 


Adjoated 
angle. 


n 

01.70 
45.31 
12.99 

53.60 
53.36 
13.04 

28.28 
50.12 
41.60 

24.96 
46.50 
48.54 

24.66 
01.83 
33.51 

24.78 
36.99 
58.23 

34.81 
05.29 
19.90 

03.60 
13.42 
42.89 

03.48 
54.97 
01.55 

25.71 
04.08 
30.21 

46.09 
i:{.  83 
00.08 

23.82 
58.99 
37119 

43.71 
16.10 
00.19 

48.10 
22.44 
49.46 

81.62 
32.47 
55.91 

17.20 
24.62 
J8.18 

07.56 
33.90 
18.54 

58.23 
37.48 
24.29 

55.88 
38.82 
25.30 

30.93 
21.33 
07.74 

45.28 
31.55 
43.17 

24.76 
06.66 
28.58 

18.90 
32.  69 
08.42 

07.59 
25.78 
26.62 

06.98 
42.63 
10.39 

48.  a3 
28.01 
43.16 


Aaimath. 


O       /  If 

298  02  55. 61 

43  02  42. 42 

165  47  02. 99 

43  02  42.42 
272  15  09.  52 
174  50  15.  KJ 

272  15  09.52 

31  04  12.  34 

149  34  06. 02 

81  04  12. 34 
319  31  34.  23 
179  35  50. 25 

319  31  34. 23 

75  28  59.  80 

204  54  07. 38 

75  28  50. 80 
319  38  17. 97 
189  48  41.49 

319  38  17.97 

52  07  37.  82 

188  48  42. 00 

52  07  37. 82 
292  47  15.  48 
179  50  34. 98 

292  47  15. 48 

76  47  57. 02 
165  56  01. 93 

76  47  57. 02 
300  17  07. 6:5 
104  12  17.78 

300  17  07.63 

15  06  33. 65 

159  18  22. 26 

15  06  33. 65 
246  ai  21.41 
151  24  51. 90 

66  06  14. 68 
341  25  37. 55 

195  53  59. 58 

15  55  30. 94 
239  04  22. 06 
140  16  10. 43 

239  04  22. 06 

18  45  48. 46 

165  49  15. 03 

18  45  48. 46 
237  29  35. 67 
147  55  14.43 

237  21)  35. 67 

4  35  22. 11 

134  02  25. 28 

4  35  22.11 
269  27  21.51 
151  39  39.53 

269  27  21. 51 

24  34  86. 23 

151  28  56.  25 

24  34  36. 23 
272  28  43. 02 
159  02  02. 47 

272  28  43. 02 

40  20  23.  Or> 

181  15  21.45 

1  15  28.  W 
112  12  14.73 
227  48  51. 73 

112  12  14. 73 
329  10  53.  08 
211  10  26. 45 

329  10  53. 08 

78  44  52. 15 

206  '.iS  28. 93 

78  44  52. 15 
314  21  38.  31 

196  53  23. 30 

16  54  45. 11 
280  18  51.  37 
147  48  18. 62 


Distance. 


Feet. 

42, 888.  27 
37, 744. 06 
49, 317. 58 

37,744.06 
28.  386.  53 
28,  853.  73 

28, 386. 53 
27,183.66 
28, 333. 11 

27,183.66 
22,  OOG.  22 
40, 080.  61 

22,i)66. 22 
2n,  999.  46 
25, 717. 77 

25, 999. 46 
30,  870. 02 
30,  611. 80 

30, 870. 02 
34,108.87 
45, 022. 42 

34, 108.  87 
:29, 316. 97 
j32, 330. 98 

|29,316.97 
23, 457. 15 
17, 260. 77 

23. 457. 15 
24,033.13 
18,003.65 

24, 933. 13 
26,  822.  97 
41,142.00 

26, 822. 97 
18.  (M)  1.73 
20,  905. 44 

18,601.73 
25, 255.  97 
32,  739. 00 

32, 730.  00 
27, 371. 97 
.22, 671. 20 

22, 371. 97 
'48, 202. 21 
.T2, 645. 15 

i48, 262.  21 

37. 448. 16 
30,224.42 

37, 448.  16 
47, 158. 35 
38, 733.  90 

47. 158. 35 
20, 055.  73 
53, 136. 04 

29, 055.  73 
32, 003.  79 
32, 937. 81 

32,  093. 79 
24,  HSM>.  21 
32, 437. 73 

24,  900.  21 
;3n.  .-)72.  35 
|3l,  215. 49 

,31,215.49 
25, 174. 96 
32,  346. 02 

25.174.96 
28, 174.  25 
17, 183. 65 

28, 174.  25 
30, 145.  22 

33. 686. 36 

'30, 145. 22 
'29, 969. 43 
28,  081. 26 

28,081.26 

28. 857. 17 
37,890.61 


Metre/. 

13,  072. 22 
11,501.28 
1."),  031.  86 

11, 504. 28 

8. 652. 14 
8, 7^4.  54 

8,  652.  14 

8,  285.  50 
8, 635. 85 

Of  M<i<J>  DU 

6,  725. 72 
12,  216. 46 

6. 725. 72 

7. 924. 56 
7, 838. 70 

7, 924.  56 

9. 409. 10 

9. 299. 91 

9,  409. 10 
10,  396. 29 

13. 722. 71 

10,  396. 29 

8,  935. 73 

9. 854. 39 

8. 935. 73 
7, 149. 67 
5, 261. 03 

7,149.67 
7, 599. 55 
5,487.46 

7, 599. 55 

8,175.57 

12,539.97 

8. 175. 57 
5, 669.  75 

6. 371. 92 

5. 669. 75 
7, 697. 95 
9, 978.  76 

9. 978. 76 
8, 342. 00 
6, 910. 12 

8, 342. 90 
14,710.19 

9. 950. 15 

14, 710. 00 

11,414.00 

9,212.32 

11,414.09 

14,  373.  73 
11, 805. 98 

14,  373.  Td 
8,856.11 

16. 195. 72 

8. 856. 11 

9,  782. 09 
10, 039. 35 

9, 782. 09 

7,  618.  77 
9,  886. 93 

7, 618.  77 
12,  061.. 54 

9. 514. 40 

9,514.40 
7, 673.  26 
9, 858. 98 

7. 673.  26 

8,  587.  43 
5, 237. 53 

8,  587. 43 

9, 188. 18 

10,  267.  51 

9. 188. 18 
9, 134. 60 
8,559.09 

8,  .f')59.  Of» 

8, 795.  .59 

U,  548. 95 


Lut  itiulo.      Longitude, 


Of'/ 

0  1      II 

46  23  55. 25 

100  38  19.27 

46  23  44. 04 

100  31  3^1.64 

46  19  54. 15 

100  34  54.  54 

46  17  08. 40 

100  31  30.  62 

46  16  03. 91 

100  37  28. 84 

46  12  11. 61 

100  32  44. 64 

46  08  44.72 

100  39  oloO 

#6  06  52. 45     100  32  43. 38 


46  05  59. 44 


40  03  55. 20 


45  59  39. 55 


46  00  54. 01 


45  55  43. 20 


45  58  01. 94 


45  50  30. 75 


45  53  49. 18 


45  46  05. 12 


45  46  07. 63 


45  41  19.45 


45  41  08. 63 


45  36  11.35 


46  37  45. 15 


45  33  46.22 


45  32  47. 94 


100  38  07.42 


100  33  02. 12 


100  34  4L 14 


lOO  30  40.28 


100  32  47. 35 


100  27  14. 98 


100  30  54. 23 


100  23  27. 76 


100  24  20.98 


100  17  31. 17 


100  20  39. 18 


100  14  47. 46 


100  20  48.  81 


100  26  16. 76 


100  22  53. 90 


100  29  49. 28 


45  29  20. 96     100  24  48.  50 


45  28  29.75  1  100  18  10.*aO 
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Table  V, — Tabulated  resuli9  of  secondary  triangnlatian,  etc, — Continued. 


Station. 


Observed 
Hngle. 


Blue  Bluikei 
Fox  Islaiid . . 
(y'urlew 

Fox  Inland . . 

( 'iirlew 

Bennett 

(■arlew 

liennett 

T^  Beau 

Bennett 

T^B<^Au 

McEinloy... 

J<e  Beau 

McKinley . . . 
bjcranton 

LeBeau 

S<;rfinton 

St  St«plien . . 

Scranton 

St.  Stephen . . 
Bunker  Hill. 

St.  Steplien  . . 
Itunker  Uill. 
Charger 

Bnnker  Hill. 

Charger 

Foreat  City  . 

Charger 

Fore«t  City  . 
Traveaay  

Fore»t  City  . 

'I'ravesHy 

Partcal 

Forest  City  . 

Pascal 

Artichoke.. . 

Artichoke — 

Pascal 

Fairbank 

Pascal 

Fairbank  ... 
Plum  Island 

Fairbank  ... 
Plum  Island 
Sully 

Plum  Island 

Sully 

Fort.  Bennett 

Fort  Bennett 

Snllv 

Fielder 

Sully 

Fielder 

Ingham  

Fielder 

Ingham  

Ferry 

Ferry 

Ingham  

Brown  HIU.. 

Ingham 

Brown  Hill.. 
Stony  Hill... 

Brown  Hill.. 
Stony  Hill... 
Snake  Butte. 

Brown  Hill. . 
Snake  Butto. 
Fort 

Snake  Butto. 

Fort 

Pierre 

Fort 

Pierre 

Bad  Kiver. . . 

Pierre 

BiNl  Itlvtr- . . 
Cwiietory 


o  /    tt 

41  45  23.58 
74  51  12. 86 
ii3  23  25.39 

61  58  »4. 78 
7B  23  57. 48 
38  37  57. 88 

55  2a  02. 03 
73  45  31. 53 
50  51  28  52 


40 
46 
02 

72 
70 
36 

39 
86 
54 

59 
89 
31 

34 
97 

48 

37 
(»6 
46 

77 
61 
41 

37 

S.) 
61 


47  59.93 
41  13.17 
30  46.97 

58  04.52 
54  37.44 
07  17. 95 

01  28.28 
20  03.67 
38  29.09 

29  39.58 
17  27. 78 
12  53. 59 

43  37.41 
ia06.84 

03  09. 18 

05  12.91 
50  44.19 

04  04.44 

06  52. 82  , 

48  57. 83  ■ 
04  11.  22  ! 

20  40. 21  I 
54  59. 49 

44  25.70 


Adjusted 
angle. 


39  45  48. 41 
83  40  21.92 
56  33  48. 80 

97  38  10. 89 
36  46  21. 17 
45  35  27. 81 

66  00  49. 37 

47  10  48. 39 
66  48  26. 14 

101  02  12. 11 
30  09  24. 35  i 

48  48  26. 81 

49  11  06.03 

60  13  14. 14 
01  35  37.37 

76  58  31.83 

55  15  35.  71 
47  45  55. 22 

32  01  33. 04 
78  26  22.41 
69  29  03. 08 

35  06  29.75 
05  48  23. 60 
49  05  03. 62 

52  34  28. 80 

36  28  48.  30 
90  58  43. 38 

52  48  14. 18 
63  32  59. 79 
63  38  51.11 

47  58  42. 34 
73  01  26. 49 

58  59  48. 13 

56  55  51.72 
63  53  40. 03 

59  10  30. 01 

45  47  10.20 
47  34  38. 82 
86  38  11.61 

54  24  50. 18 
71  28  46. 75 
54  06  24. 43 

61  39  40. 46 

37  5:)  01.11 
80  21  17.58 


H 

22.55 
13.24 
24.21 

05.72 
56.49 
57.79 

00.80 
80.85 
28.35 

60.85 
12.50 
46.  6ri 

05.37 
37.27 
17.36 

29.12 
02.52 
28.86 

39.19 
27.40 
53.41 

38.83 
08.62 
12.65 

11.99 
43.31 
04.70 

51.67 
57.86 
10.47 

39.07 
67.33 
23.60 

48.24 
23.02 
48.73 

10.95 
21.59 
27.46 

48.76 
47.06 
24.19 

10.  !52 
23.55 
25.93 

07.55 
13.67 
38.78 

28.79 
34.95 
56.26 

35.11 
20.98 
03.91 

31.05 
23.96 
04.99 

28.74 
48.50 
42.76 

11.89 
58. 41 
49.70 

42.76 
27.61 
49.63 

50.85 
40. 52 
28.63 

10.75 
37.94 
11.31 

49.70 
46.67 
23.63 

40.13 

on.  31 

16.  m 


Azimuth. 


o       t         It 

280  18  51. 37 
25  32  22.11 

142  07  25.  28 

25  32  22. 11 
284  54  46. 1)8 

143  37  36.  m 

284  54  46  08 

31  14  08. 20 

160  19  53. 28 

31  14  08. 20 
257  52  34.24 
170  26  46. 18 

257  62  34. 24 
7  01  22. 17 

160  63  23. 22 

330  50  39.66 

64  33  20. 64 

189  50  58.  60 

64  33  20. 64 
333. 46  54. 42 
185  02  57. 43 

333  46  54.42 

56  36  55. 20 

188  29  08. 81 

56  36  55. 20 
333  23  04. 85 
199  29  12. 32 

333  23  04. 85 

91  36  09. 62 

230  25  13. 04 

91  36  09.62 
352  24  21.02 
234  09  21. 61 

54  15  30.46 
317  49  44. 76 

194  27  26. 87 

137  53  38. 01 
354  36  06.42 

220  12  19.24 

354  36  06. 42 
127  26  04.  52 
240  31  19. 98 

127  26  04. 52 
337  20  08. 00 
206  21  32. 36 

337  29  08.  00 

88  19  52. 37 

206  36  18. 88 

208  10  57.93 

33  04  17. 15 

165  11  68.31 

33  04  17. 16 
291  24  18.06 
180  59  29. 12 

291  24  16.06 
15  42  00. 92 

146  35  34. 43 

195  40  39. 62 
339  L5  12.39 

68  17  54.  27 

339  15  12.39 
222  49  35.51 
106  .'JO  40.  78 

222  49  35. 51 

329  50  32.  41 

90  52  15. 25 

270  48  18. 30 

26  58  34. 69 

147  46  21. 28 

26  58  34. 69 
2.'>4  31  27.91 

161  12  18.90 

254  31  27.91 
3  05  20.96 

128  58  48. 35 

3  0.'  20.06 

221  OS  l,').:n 
121  27  00.4:; 


Distance. 


Feet. 

28. 857. 17 
21,494.00 
31,154.74 

21, 494. 60 

30. 389. 69 
33, 840.  88 

30. 389. 60 

32. 246. 61 
37, 619. 32 

32. 246. 61 
21,091.04 

23. 485. 70 

21,091.04 
34. 208. 73 
33, 810. 38 

33. 810. 38 
26, 104.  01 
41,372.62 

26, 104. 01 
43,  397. 42 
60.  365. 83 

43,  r>97. 42 

33. 239. 39 
57,885.45 

33, 239. 39 
27,  &32. 71 
45, 826. 32 

27. 832. 71 
41,298.19 
37, 341. 98 

41.298.19 
28. 441. 58 
46, 298. 68 

46, 298. 68 
35, 486. 75 
55, 143. 00 

35, 486.  75 
49, 235. 56 

29. 738. 18 

49, 235. 56 
48, 938. 96 

39. 289. 05 

48, 938. 96 
m,  832.  60 
32,671.44 

63, 832. 60 
54.  92:J.  29 
67,849.56 

54, 923. 29 
72, 271.  78 
60, 957. 28 

72. 271. 78 

40. 979. 06 
75, 600. 37 

40, 979. 00 
31. 188. 15 
53, 949. 91 

31,188.15 

24. 771. 62 
18, 530. 83 

24, 771. 62 
22, 020.  65 
24, 750. 68 

22, 020.  65 
10, 085. 55 
24. 571. 50 

•24, 571. 50 
Z],  978. 60 
25, 694.  87 

'2:{,  978. 00 
17. 216. 22 
17,731.2:t 

17,216.22 
17.282.78 
20, 151. 12 

17, 282, 78 
ir)..?2:».70 
10,789.12 


Metres. 
8, 795. 50 
6,551.40 
0, 495. 88 

6,551.49 

0, 262. 60 

10, 314. 61 

0,202.69 

0, 828.  67 

11, 466. 26 

0. 828. 67 
6, 428. 40 
7, 158. 38 

6, 428. 49 
10,426.73 
10, 306. 31 

10, 305. 31 
7. 956. 43 

12. 610. 26 

7, 956. 43 
13, 227. 41 
15, 351. 36 

13,227.41 

10. 131. 27 
17,643.32 

10,131.27 

8, 48:i.  33 

13. 967. 74 

8. 483. 33 
12.  587.  57 
11.381.73 

12, 587.  57 

8, 668. 91 

14.  111.  71 

14,111.71 
10,  816. 26 
16, 807. 43 

10, 816. 26 

15, 006.  86 

9, 064. 12 

15, 006. 86 
14, 916. 46 
11.975.20 

14. 916. 46 
19, 4.^.  00 

9, 958. 10 

19, 456. 00 

16. 740. 47 
20, 680. 36 

16, 740. 47 
22, 028. 24 
18, 579. 61 

22, 028. 24 
12, 490. 30 
23, 042. 78 

12. 490. 30 

9, 506. 06 

16, 443. 78 

9, 506. 06 

7. 550. 32 
5, 648. 15 

7, 550.  32 
6,711.83 
7, 543. 94 

6,711.8.3 
5, 817. 22 

7. 489. 33 

7, 489. 33 
7, 308. 61 
7,831.66 

7, 308. 61 
5, 247. 46 
5,404.43 

5, 247. 46 
5, 267. 74 
6, 142. 01 

5, 267. 74 

4, 702.  l»3 
3,  288.  49 


Latitude. 


45  25  18.25 
45  24  00. 83 

45  10  28. 54 

46  20  12. 18 
45  14  36. 06 

45  12  46. 10 

46  06  21.61 
46  03  20.84 
44  59  15.  U 
44  50  26. 12 
44  54  47.75 
44  50  27. 03 
44  46  43.75 
44  51  37. 13 
44  41  54. 74 
44  41  38.25 
44  31  56.36 
44  29  28.34 
44  34  31.84 
44  25  39. 58 
44  28  19.00 
44  25  36.03 
44  22  04.08 
44  22  50.28 
44  19  1I.M 


Lengitttdfl. 


oil* 


100  20  20. 10 


100  13  28. 60 


100  17  22. 61 


100  12  33.97 


100  13  32. 43 


100  19  01. 65 


100  14  34. 37 


100  21  00.85 


100  18  07.4S 


100  27  41. 8S 


100  26  49.  60 


100  21  19. 01 


100  25  45.40 


100  34  44. 83 


100  20  06.48 


100  41  46. 38 


100  38  10.84 


100  29  24. 58 


100  31  20. 83 


100  27  23.68 


100  23  57. 26 


100  21  45. 15 


100  24  14. 87 


100  20  26.44 


100  20  39. 25 


44  21  54.71     100  18  19.73 
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^  Tablk  VI. — Tabulated  results  of  secondary  iriangulation  from  Pierre  to  Running  Water 

f  AximuihB  and  distances  aro  in  the  order  of  stations,  first  to  second,  second  to  third,  and  'third  to  first  in 

each  triangle.] 


Station. 


Bad  Rirer. 
Cemettry  . 
£ast  Ilase . 

Cemet**ry  . 
Enst  Bni»e . 
AVest  Base 

Bad  JRiver. 
Cemetery  . 
Plateau  ... 

Ck-nietery  - 
Plateau  ... 
Barth 


Plat-PAtt 

Barth 

farm  Island  . . 

Barth 

farm  Island  t . 
Perry 

farm  Island  . . 

Perry 

Narselles 

Perry 

Narsello^ 

Bousseau 

Narselles  ..... 

Bonsseau 

Jacques .'. 

Jacques 

Xarselles 

fort  Oeorge... 


Observed 
angle. 


JacqueH 

fort  George 

Chapelle  Creek. . . 

fort  Goorgo 

Chapelle  Creek. . . 
Cedar  Uivor 

Chapelle  Creek . . 

C4'dar  River 

Kevnolds 


C'wlar  River. 

Reynolds 

Burnt  Ridge 

Reynolds 

Burnt  Ridge 
Keck 


Nock 

Keynoldrt 

Big  Beud 

Keck 

Burnt  Ridge  . . . 
fort  Thompson 

Burnt  Ridge  . . . 
fort  Thompson 
Badger  Creek... 

fort  Thompson 
Batlger  Creek. . . 
Woff Creek  .... 

Badger  Creek  . . 
V^olf  Creek.... 
ilnff 


Jluff 

)adger  Creek 
?'ort  Lookout 

Port  Lookout 

Huff 

Mchard 


^chard 

ort  Lookout 
hamberlain . 

ort  Lookout 
;hamberlain  . 
tml6 


o   /     // 

31  ^  10. 63 
78  12  14. 10 

69  51  31.88 

04  56  12. 04 
38  51  34. 64 
46  12  08. 49 

02  30  33.06 
46  19  22. 60 

71  10  13. 66 

62  22  53. 78 
73  57  56. 39 
43  39  12.88 

42  57  50. 70 
68  48  36. 70 
68  13  30.20 

84  00  16. 52 

64  03  28.90 
31  47  12. 56 

30  16  13. 38 
82  42  41.04 
58  01  05.24 

53  09  22. 57 

52  56  54. 16 

73  53  44. 53 

43  12  34. 68 

03  35  41. 45 

43  11  42. 92 

78  18  59. 35 
49  48  20. 55 
51  52  31. 10 

74  01  54.74 

70  23  54. 88 
36  34  07. 32 

77  58  31.71 
68  05  28. 65 
33  55  57. 69 

46  25  12. 22 

48  07  00. 9:) 

85  27  50. 32 

61  22  48. 44 

78  57  11. 56 
30  39 

42  45  13.76 

47  51 

89  23  19. 07 

57  36  11.  09 

44  07  02. 13 
78  16  46. 11 

89  51  26. 53 
42  45  23. 78 

47  23  10.92 

44  40  58. 88 

49  49  38. 98 
85  29  19.42 

68  81  49. 89 

58  02  30. 54 

53  25  42. 98 

42  56  35. 54 
58  50  25. 31 
78  13  02. 27 

68  42  49. 91 
33  58  29.89 
77  18  44.48 

72  28  03. 36 

62  02  34.63 
46  29  24.01 

97  11  42. 18 
35  55  31.76 
40  52  44.80 

48  42  00. 36 

65  37  51. 16 

05  40  08. 03 


A^  us  ted 
angle. 

/     // 

n.33 

15.61 
33.16 

15.35 
36.61 
08.04 

23.28 
23.88 
12.83 

62.82 
66.33 
10.86 

60.84 
37.11 
32.06 

17.99 
29.70 
12.31 

13.03 
41.09 
05.88 

22.47 
53.14 
44.39 

34.60 
42.60 
42.94 

68.64 
29.15 
32.31 

53.53 
56.66 
00.81 

38.41 
20.83 
56.76 

00.10 
0L32 
40.58 

40.^ 
12.56 
57.04 

15.78 
22.35 
2L87 

11.31 
02.35 
46.34 

25.03 
24.72 
00.35 

58.63 
40.60 
20.77 

48.01 
30.77 
40. 32 

33.05 
25.80 
01.15 

48.48 
28.58 
42.04 

03.81 
33.73 
22.46 

42.84 
32.02 
44.24 

00.14 
51.68 
08. 18 


Ashnuth. 


o      /         '/ 

221  04  16.33 

322  53  37.33 

73  02  54.61 

322  53  37. 33 
104  02  51.17 
237  48  51. 16 

221  04  16. 33 
364  46  20.20 
103  36  20. 03 

364  46  20. 20 
248  44  20. 22 

112  26  26.42 

248  44  29. 22 
^59  58  38. 42 
111  46  06.40 

369  68  38. 42 

244  02  08.20 

96  63  02. 85 

244  02  08.20 
341  23  09. 39 
103  23  02. 31 

341  23  09.39 
214  21  01. 39 
i08  16  12.48 

214  21  01.39 

300  40  45.66 

77  37  14.68 

77  37  14  58 
307  22  06. 16 
179  18  18.64 

359  18  16.01 

249  42  15. 36 
1U5  22  OL  84 

249  42  15.36 

1  42  21.95 

147  46  06.  37 

1  42  21. 05 
229  49  04. 82 
135  22  42. 38 

229  49  04. 82 
330  57  39. 82 
111  22  44.51 

330  .57  39.82 

198  54  05. 21 
108  19  44. 70 

108  19  44. 70 
244  05  21. 42 
345  54  35. 77 

18  56  22. 65 
241  39  30. 07 

109  11  06.48 

241  39  30. 07 

11  58  16.24 

106  27  31. 23 

11  58  16. 24 
249  59  23. 08 
123  32  24. 96 

249  59  23. 08 
n  16  18,58 

113  02  13. 53 

113  02  13.53 
326  54  24. 89 
224  16  41. 28 

224  16  41.28 

342  16  51. 10 
116  49  03. 92 

116  49  03. 92 
332  40  18.13 

199  36  02.96 

332  40  18. 13 

87  05  26. 87 

201  19  66. 13 


Distance. 


Feet. 
15, 429. 70 
8, 693. 63 

16. 087. 69 

8,003.63 

11,999.89 

7,557.04 

15. 429. 70 
14, 461. 12 
11,790.40 

14, 461. 12 
18,562.23 
20, 134. 85 

18,  562. 23 
13,  622.  8:^ 

18. 636. 94 

13, 622. 83 
25, 727. 15 
23, 2.55. 76 

25, 727. 15 
19, 198. 73 
30, 085.  76 

19, 198. 73 

15. 991. 79 
15,948.15 

15,991.79 
15, 996. 05 
23,317.12 

23, 317. 12 
29, 026.  05 
22, 641. 76 

22, 641. 76 
37,422.12 
36, 668. 63 

37, 422. 12 
65, 568. 10 
62, 197. 49 

65, 568. 10 

47. 646. 82 
48, 969.  52 

47,  W6. 82 

65. 524. 80 

73. 261. 95 

65. 524. 80 
44, 484. 35 
48, 586. 99 

148, 586. 99 
141.898.35 
,34, 543. 06 

44, 484. 35 
60, 446. 18 
,41, 036. 36 

60, 446. 18 
42, 636. 68 
46, 331. 10 

42, 6:36. 68 

49. 405. 81 
45, 043. 12 

49, 405. 81 
34, 382. 93 

43. 187. 96 

43, 187.  96 
41,24H.82 
24,  738. 65 

24,  7'.iS.  65 
33,079.11 
."iO,  641. 99 

30,641.99 
41,649.a3 
24,631.47 

41. 649. 83 
34, 340. 02 
41, 637. 35 


Metres. 
4. 702. 93 
2, 649. 80 
4,  WKi.  48 

2, 649. 80 
I  3,657.53 
4  si;  303. 36 

4, 702. 93 
4,407.71 
3,  593. 71 

4, 407. 71 
5, 657.  72 
6, 136. 89 

5, 6.57. 72 
4.152.20 
5, 680. 49 

4, 152. 20 
7,841.50 
7, 088. 29 

7,841.56 
5,851.72 
9, 170. 06 

5,851.72 
4, 874.  25 
4, 860. 95 

4, 874. 25 
4, 875. 55 
7,106.99 

7,106.99 
8, 847. 06 
6, 901. 15 

6, 901. 15 
11,406.16 
11,176.50 

'11,406.16 
tl9.984.97 
18,957.62 

'l9.984.97 
14,  522. 62 

14. 925. 77 

14,  522. 62 

19. 971. 78 
22,  330. 1)4 

:19,971.7« 
13,558.70 
14,809.18 

•14,809.18 
12. 770. 50 
10, 528.  KJ 

13,  558.  70 
18, 423.  83 
12, 507. 77 

18, 423. 83 
12, 995.  54 
14, 121.  59 

12, 99.5. 54 
15, 058.  75 
13, 729. 02 

'15,058.75 
10, 479.  82 
13, 163.  57 

13.  Iffi.  57 

12,  .572.  52 

7, 540. 27 

7. 540. 27 
10,  082. 42 

9. 330. 59 

9, 339.  .50 
12, 694.  75 

7. 507. 60 

12,694.75 
10, 466. 74 
12,690.85 


Latitude. 


O        I  It 

44  20  46.24 
44  21  14. 97 
44  19  32.  50 
44  20  38.89 
44  18  24. 37 
44  20  16.48 
44  17  16. 80 
44  10  26. 16 
44  18  05. 28 
44  14  21. 71 
44  16  29. 61 
44  05  42. 40 
44  10  45. 60 
44  01  19.73 
44  08  1.5.29 
44  13  46.  16 
44  06  02. 46 

43  59  10.  55 

44  01  57. 01 
43  56  24.  00 
43  53  29. 15 
43  51  12. 80 
43  47  23. 66 
43  47  06. 18 


Longitutle, 


O  I  II 

100  17  07.  56 

100  19  47.  70 

100  18  01.  (JO 

100  14  03.  58 

100  14  03. 51 

100  08  45.  29 

100  07  21.06 

100  05  10.  95 

;100  02  08. 00 

100  02  04. 22 

99  .54  01.  HO 

99  54  28. 06 

99  46  09. 14 

99  38  tKJ.OO 

99  35  36.  32 

99  m   31.02 

99  26  44. 92 

99  28  45. 86 

99  18  10.48 

99  19  42. 32 

99  23  38. 34 

99  17  24. 94 

99  19  17. 70 

99  27  05. 15 


js^Q  91 ^231 
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Tablk  VI. — Tabulated  results  of  secondary  iriangulationf  etc. — Con  tinned. 


Station. 


Chamberlain 

Bnil6 

Willrodt  .... 


85  26  55. 68 
59  *26  37.  25 
35  06  32. 13 

Brnl6 47  22  10. 18 


Observed 
angle. 


n 


Willrodt 
Indian  .. 

WUlrodt 
Indian  .  ■ 
Boaebnd 

BoBobud 
Wlllrodt 
Bi)oa.... 

Rosebud 
BUou.... 
Darex. . . 


Byoti 

Darez — 
Brickkiln. 

Byou 

Brickldlu. 
Heaton.. . 

Brickkiln. 
Heaton... 
Cologne . . 

Heaton... 
Cologne . . 
Boland . . . 

Cologne . . 
Boland . . . 
Hamilton 

Boland . . . 
Hamilton 
Kyle 


Hamilton  — 

Kyle 

Mule  Head . . 

Mule  Head... 

Kyle 

wheeler 


'Wheeler 

Mule  Head.. 
Whetstone . . 

Whet«tone . . 

Wheeler 

Leonard 

Leonard 

Whetstone . . 
Chioot 

Chicot 

Leonard 

Whit43  Swan 

White  Swan 

Cbicot 

Harrison 

White  Swan. 

HarriBon 

Bruce 


Bruce 

White  Swan. 
Conger 


Conger 

Bruce  

Ponoa  

Conger 

Ponca  

Chouteau 

Ponca 

Chouteau 

Ward 

Chouteau 

Ward 

Ameson 

Ward 

Ameson 

Niobrara 

Ameaon 

Niobrara 

Corell 


64  40  38.  54 
67  57  11.76 

54  51  53.  30 

64  14  19.36 
OU  53  46. 26 

70  55  36. 99 
47  40  01.20 

61  24  22. 62 

41  00  55.82 
50  14  48.  58 
88  44  19.24 

62  46  06. 97 
80  37  14.  04 
36  36  35. 33 

39  03  46.  70 

66  14  01.20 
74  42  14.  82 

83  38  03.  50 

45  48  02. 4.''» 

50  33  56.  55 

58  30  01.01 

56  21  31.15 

65  08  27. 91 

71  07  33. 13 

67  10  40. 20 

51  41  44. 88 

57  18  54. 16 
73  05  07. 08 
49  35  54. 99 

46  16  13.  80 

45  18  08.84 
88  25  36.  59 

67  31  11.64 
57  02  46.  58 

55  26  05. 23 

88  25  07. 67 

46  43  48. 02 
44  51  04. 24 


65 
77 
87 

50 
42 

87 

58 
77 
43 

54 
55 
70 

49 

83 
46 

94 
36 
49 

81 
52 
46 


00  48.88 
12  33. 15 

46  39. 81 

22  57. 74 
36  13.00 

00  50.25 

15  17.  57 
57  20. 19 

47  24.97 

01  06.46 
15  03.42 
43  51.82 

48  26. 45 
50  54.  76 
20  39.  92 

15  26.  58 
09  59. 28 
34  32. 19 

07  26. 63 
29  40.15 
22  47.  83 


A(Uu8toa  ^gi„„^h, 
angle.   -c*-""-"*". 


40  42  50.  51 

32  55  35.  68 

106  21  39.  49 

8313  53.82 
40  08  54.  64 
56  37  14.  84 

35  13  10.  91  I 
50  19  05.  20 
94  27  46. 06 

02  13  02.  81 
77  34  16.48 
40  12  39.  70 

66  41  32.  71 
49  12  51.  76 
64  05  35.  83 


53. 44 

35.  82 
30.74 

09.01 
39. 12 
11.87 

53.47 

20. 10 
46. 43 

37.26 
00.56 
22.18 

54.75 
46.40 
ia85 

07.87 
14. 62 
37.51 

45.  48 
00.  3G 
14.  lU 

02.  87 
01.85 
55.  28 

01.20 
31.29 

27. 45 

34.74 
39.32 
45.94 

56.06 
07.18 
56.70 

12.  87 
10.10 
37.  03 

10.60 
46.14 
03. 26 

08.42 
47.31 
04.27 

46.71 
31.72 
41.57 

57.  87 
12. 97 
49.16 

15.55 
18.64 
25. 81 

05.  54 

03.  89 
5(1.  57 

25.  98 
54.  70 

39.  26 

27.67 
59.  07 
33.  26 

29.12 
42.  80 

4«.  08 

40.  86 
30.  (Ml 
37.14 

51.00 
53.  42 
14.92 

10.  32 
04.4-i 
45.24 

03.  20 
16.  85 
39.05 

32.  40 
51.73 
35.  ^7 


O      t       II 

87  05  26.  87 
320  26  39. 37 
181  38  19.43 

326  26  39. 37 

81  51  09.24 

193  46  38. 40 

81  51  09.24 

325  58  10.73 
206  55  48. 84 
206  5.')  48. 84 
339  19  14.92 

97  57  45.  74 

277  51  26. 24 

47  42  50.26 

138  55  34.  57 

47  42  59. 26 
308  17  08.20 
164  58  39. 02 

344  56  51.  32 

2:n  12  39. 4^ 

125  58  24. 95 

231  12  39.48 

5  28  08.  78 

134  53  40.  28 

5  28  08. 78 
241  49  06.  99 
127  02  22.  80 

241  49  06. 99 

;      4  43  15.85 

133  00  57. 43 

4  43  1.5.  85 
257  47  50. 81 
127  30  52.46 

257  47  50.  81 

32  36  45.  36 

124  08  19. 23 

212  33  56.  3."> 
335  33  59. 13 
100  10  21.  26 

100  10  21.20 

326  48  54.  U 
191  44  05. 81 

191  44  05.81 

2?)4  32  40.  90 

76  53  21. 91 

76  53  21.91 
299  2\  05.  76 
200  27  45.  iKJ. 

206  27  45.  96 

308  33  0.").  12 

84  51  19.  38 

84  51  19.  38 
319  58  05.70 
210  40  31.  27 

30  50  13.  08 
294  37  20.  22 

101  05  01.08 

01.08 
48.  20 
55.  22 

55.  22 
11.98 
15.53 

25.  86 
51.02 
05.  93 

51.  62 
35.  20 
50.  45 


Distance. 


161  05 

3(»4  51 

76  27 

75  27 


50 
21 

20 
10 


307 
174 

354 
207 
133  41 

207  16 
347  1(» 
110  34 

347  10  35.  20 
217  31  09.96 
132  01  18.58 

217  31  09.96 

319  59  16.  34 

99  50  03.  35 

319  59  16.34 

ISO  15  ;{•).  \A 
73  22  04.13 


Feet. 
34,  340. 02 
59, 520. 25 

51. 416. 62 

59. 520. 25 

47,  245. 52 

58. 045. 63 

47, 245.  52 
44.  220.  51 
48, 69a  67 

48,  608. 67 
52, 418.  62 
41. 000. 60 

41, 000. 60 
26, 913. 55 
31, 528. 89 

26.913.56 

40, 127. 16 
44,525.41 

44, 525. 41 
29,  089. 02 
42,245.97 

29,  089. 02 
37, 430. 67 

27. 001. 26 

37, 430. 67 
35. 174.  07 
34. 344. 01 

35, 174. 07 
142,412.83 
J37, 667. 16 

42, 412. 83 
46, 875. 60 
53,284.98 

|46,  875. 60 

33.  8S5.  34 

33. 333. 32 

33. 885. 34 

38. 022. 27 
|34, 528. 05 

34.  528. 65 
4><,  939. 56 
35, 647. 79 

35.  647. 79 
iS2,  743. 93 

50. 746. 25 

56. 746. 26 
^^,  772.  29 
38, 464. 9a 

38, 464. 91 
47,  267.  53 

54,  359.  56 

.5-1,  359.  56 

46.  508.  51 
47, 315.  51 

47,  315. 51 

49,  956.  08 
05,  021. 49 

65,  021. 49 
85, 176.  65 
|50,404.43 

50,404.43 
♦)8,  792. 32 
55, 234. 46 

55,  234.  46 
37,  548.  03 
31,290.50 

37.  548.  03 
44.  6.=il.70 

28,  992.  01 

44.651.70 
25,  829.  .34 
j34,  406. 40 

|2.").  829.  34 
!S5.  395.  97 

39. 070. 33 

35,  395. 97 

;;o,  i:.{'j,  06 

29.  704. 52 


Metr4». 
10, 466.  74 
18,141.60 
15, 671. 64 

18,141.60 
14.400.30 
|17,692.15 

14,400.30 
13, 478. 29 
14,843.22 

14,843.22 
15, 977. 02 
12, 496. 87 

12, 496. 87 
8, 203. 17 
9,609.92 

8, 203. 17 
12,230.64 
13,57L22 

13.571.22 

8,866.25 

12, 876. 46 

8,  866. 25 

11, 408. 76 

8,  229. 91 

11,408.76 
10, 720. 96 
10, 467. 96 

10,  720. 96 
12, 927. 31 
11, 48a  84 

12, 927. 81 
14, 287. 56 
16, 241. 11 

14. 287. 66 
10, 328. 16 
10, 159. 90 

10,  328. 16 

11,  580. 08 
10,  624. 24 

10,  524. 24 
14, 916. 64 

10. 865. 35 

10. 866. 36 
16, 076. 20 
17, 296. 10 

17,  296. 10 
13,341.67 
11,724-00 

11,724.00 
14, 407. 01 
16, 508. 64 

16. 568. 64 

14,  203.  09 
14, 421. 63 

14. 421. 63 

15,  226. 48 
19,818.37 

19,818.37 
25.  961. 60 
15,363.13 

15,  363. 13 

20. 967. 70 
16, 835. 31 

16, 835. 31 

11,444.54 

9, 637. 26 

11,444.64 

13,  609. 71 

8,  836. 60 

13. 609. 71 
7, 872.  71 

10, 505.  87 

7,  872.  71 
10,  788. 59 
11, 908.  53 

10. 788.  50 

ill,  015.  OS 
I  9.081.2il 


Latitude.    '  Longitude. 


o  t  tt 
43  88  66.06 
43  37  49.46 
43  31  47. 39 
43  30  51.66 
43  27  62.74 
43  28  46.97 
43  26  46.83 
43  20  38.^ 
43  23  22.68 
43  16  26.20 
43  18  02. 59 
43  13  20.61 
43  12  20.63 
43  06  35.91 
48  08  43. 72 
43  03  03.67 
43  03  62.46 
42  67  U.  06 

42  53  45. 01 

43  55  50.48 
42  46  47.66 
42  52  17.12 
42  45  07. 05 
42  48  29.35 
42  44  OL  46 
42  49  53.77 


O      f        If 

99  19  37.74 
00  90  18.67 
99  24  37.a» 
99  15  20.56 
99  19  56u52 
90  12  49.96 
99  07  42.66 
99  08  30.93 
99  01  SLOB 
99  02  1&26 
98  5158.75 
96  66  05.37 
98  48  2614] 
96  50  01.30 
98  37  88.88 
98  41  80.51 
98  29  21. 4S 
98  84  47.52 

96  24  37.50 
98  13  42.09 
98  12  29.0 
98  06  87.' 
98  06  23. 
88  02  54. 

97  57  49. 
97  56IL 
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Table  YU. — Tabulated  results  of  secondary  triangulation  from  Running  Water  Base, 

South  Dakota,  to  Blair,  Nebraska, 

[Aximuths  and  diatuioes  are  in  the  order  of  stationB.  flrst  to  second,  seoond  to  third,  and  third  to  first, 

in  each  triangle.] 


Station. 


North  Base  .... 

South  Base 

Lioet  Creek 

Kelly 

XorihBaae 

South  Baae 

Kellev 

Lost  Creek 

Covell 

Ifiobrara 

Kelley 

Lost  Creek 

Covell 

Ifiobrara 

Santee 

Sontee 

Crovell 

Springfield 

Sinringfleld 

Santee 

Bon  Homme  — 

Santee 

Bon  Homme.... 
Herrick 

Bon  Homme — 

Herrick 

Lakeport....... 

Herrick  ........ 

Lakeport. ...... 

Pit 

Lakeport 

Pit 

Schmidt 

Pit 

Schmidt 

Welby 

Schmidt 

Welby 

Bow  Creek 

Welby 

Bow  Creek 

Spirit  Mound  . . 

Bow  Creek 

Spirit  llonnd  . . 
Ryan 

Spirit  Mound . . 

Byan 

Johnson 

Ryan 

Johnson 

Ionia 

Johnson 

Ionia 

Westfleld 

Ionia 

Westfteld 

Triloba 

stfield 

oba 

I 

.oba 

11 

ind  Cap 

1 

md  Gap 

epson 

md  Cap 

erson 

rd 

won ....... 

d 

vasts 

4 

,eants 

doIhiCO  .••• 


Observed 
angle. 


oil* 

84  47  4(».  48 
83  83  18.40 
61  39  02. 44 

91  32  54.36 

51  35  04. 49 
36  51  58. 72 

91  35  58.40 

38  31  31.01 
48  52  30.38 

39  16  51. 47 
74  11  27.00 
66  31  39.72 

83  40  25. 13 
53  58  56.64 
42  20  34. 76 

48  26  25.62 

52  01  06.45 
79  32  24.09 

58  15  38.72 
74  53  21. 65 

46  51  00.82 

40  37  18. 51 
60  05  54.26 
79  16  51.74 

89  44  11.84 
50  42  3L  72 
38  33  13.58 

5145  1428 
55  28  49.05 
72  45  54. 28 

47  02  25. 67 
102  41  47. 12 

30  15  49.36 


39 
97 
43 

99 
44 
35 

37 
89 
53 

60 
67 
52 

66 

67 
66 

69 
82 
77 

55 
61 
62 

64 
46 
69 

58 
83 
88 


37  S3. 91 

09  33.39 
12  31.05 

15  17.78 
49  55. 91 
54  48.55 

03  49.92 

27  24.67 

28  47.26 

30  29.40 

10  47.02 

18  43.67 

59  48.89 
47  40.30 
12  33. 18 

26  14.96 
49  01. 51 

44  44.05 

52  4L77 
21  24.28 

45  58.02 

12  11. 08 
00  62,71 

46  57. 14 

19  00.77 
09  11. 12 

31  33.51 


75  38  84.44 
87  54  40.35 
66  28  48.74 

42  21  00. 87 
55  24  29. 56 
82  14  20. 13 

71  23  22.40 

73  30  48.22 
86  05  51. 18 

58  00  30.94 
62  38  25.43 

74  21  03. 25 

68  31  34. 50 
55  44  24.irj 
6&44<M.tt 


Adjusted 
angle. 


II 

89.86 
18.37 
0L77 

55.88 
05.34 
50.27 

69.08 
30.56 
80.36 

52.25 

28.47 
39.28 

25.43 
5&52 
36.05 

25.66 
08.75 
25.59 

38.81 
22.82 
50  58.87 

16.68 
53.11 
50.21 

18.34 
81.91 
14.75 

18.77 
60.67 
55.56 

23.85 
45.51 
50.64 

58.05 
84.29 
82.66 

17.73 
56.55 
45.72 

48.76 
24.18 
47.06 

20.25 
47.09 
43.66 

48.85 
89.30 
81.85 

14.81 
00.78 
44.41 

40.93 
21.98 
67.09 

10.72 
52.87 
56.41 

11.81 
11.79 
36.40 

32.72 
30.27 
48.01 

11.08 
28.26 
20.66 

21.35 
48.32 
50.33 

32.47 
24.48 
03.05 

:w.57 

24.99 
00.44 


Aximutibi. 


Q         I         II 

86  04  26. 16 
249  36  28. 94 
131  17  46.91 

267  38  14. 45 

36  04  26. 16 

179  11  11. 29 

289  58  06. 34 

148  31  54. 57 

18  22  44.91 

184  09  19.47 

289  58  06.34 

43  28  44.69 

9  16  28. 18 
243  14  33. 70 
105  42  23. 59 

105  42  23. 59 
233  84  53. 78 
334  06  30.83 

334  06  30. 83 

229  02  11.76 

95  57  50. 15 

229  02  11.76 

349  00  58. 09 

89  44  54.49 

349  00  58.00 

210  44  16.74 

79  21  37. 82 

219  44  16.74 
344  19  32. 81 

91  35  02.12 

344  19  32. 31 
267  02  43. 29 
117  26  12. 66 

207  02  43. 20 

184  19  56. 53 

47  33  01.62 

184  19  56. 53 
319  30  32.  20 
103  43  33.92 

319  30  32. 20 
229  05  44. 21 
102  41  20. 16 

220  05  44. 21 
342  01  45. 37 
109  46  01.53 

342  01  45.  37 
229  52  27. 79 

106  12  32. 52 

229  52  27. 79 

17  10  59. 41 

119  23  27. 98 

17  10  59. 41 
258  29  34.  62 

141  24  07. 37 

258  29  34.62 
32  37  16.97 

142  45  49. 32 

82  37  16. 97 
245  41  57. 63 
154  20  04.58 

245  41  57. 63 

27  53  48. 68 

141  21  20.48 

27  53  48.68 
263  14  45.86 
165  34  IL 13 

263  14  45. 86 

9  49  01. 89 

154  41  45. 71 

9  49  01. 89 
242  26  00. 69 
136  53  14.16 

242  2(i  (M).  09 

6  47  45. 80 

13102  48.87 


Distanoe. 


FeU. 
14, 101. 53 

15. 957. 15 
8,556.66 

8,463.33 
14, 101. 53 
11, 062. 99 

16, 080. 87 
21, 022. 40 
13,099.08 

23,297.40 
16,080.87 
24,438.45 

36. 139. 06 
53,326.23 
43,396.74 

43,396.74 
33,02L05 
34,784.06 

34,784.06 
40,  :47. 90 
46,029.62 

40,547.90 
26, 867. 86 
35, 774  44 

26,867.86 
42, 191. 18 
82,658.71 

42,191.18 
34,092.98 

36. 897. 07 

34. 692. 08 
50,377.16 
67, 154  25 

50. 377. 16 
46, 932. 51 
73,005.71 

46, 932. 51 
78,  972. 82 
56,412.95 

78, 972. 82 
59, 226.  33 
98, 263. 70 

59, 226. 33 
65, 144. 39 
68,983.83 

65, 144. 39 
64, 982. 78 
72,572.43 

64, 982. 78 
62, 261. 43 

36. 039. 02 

62,261.43 

57. 969. 17 
61,454.21 

57,969.17 

55. 619. 03 
44, 448. 57 

55, 619. 08 
47.  347. 19 
30, 427. 03 

47,347.19 
50. 017. 01 
31,727.75 

50,017.01 
34, 007. 90 
41, 555.  .36 

34,007.90 
56, 054. 77 
56, 715. 90 

56,054.77 
46,406.27 
46,269.71 

46, 496. 27 
152,  '.\m.  49 
140,500.12 


Metres. 
4, 298. 11 
4863.70 
699.49 


579.60 
298.11 
368.92 

4901.40 
407.57 
092.56 


6 
3 

7 

4 
7 

11 
16 
13 

13 
10 
10 

10 
12 
14 

12 

8 

10 

8 

12 
0, 

12 
10 
11 

10 
15 
20 

15 
14 
22 

14 
24 
17, 

24 
18 
29 

18 
19 
21 

19 
19 
22 

19 

18 
10 

18 
17 
18 

17 
16 
13 

16 

14 

9 

14 

15 

9 

15 
10 
12 

10 
17 
17 

17 
14 
14 

14 
15 


100.98 
901.40 
448.77 

015.08 
253.60 
227.20 

227.20 
06472 
602.09 

602.09 
358.89 
029.70 

358.89 
189.25 
903.95 

189.25 
859.75 
952. 76 

850.75 
574  33 
093.72 

574  33 
354.82 
468.43 

354.82 
304.00 
251.93 

304.90 
070.69 
194. 51 

070.69 
052.02 
950.50 

052.02 
855.83 
026.08 

855.83 
806.57 
119.88 

806.67 
977. 11 
984.59 

977.11 

668.84 
731.07 

668.84 
952.53 
547.80 

952.53 
431.29 
274  07 

431.29 
245. 05 
670. 53 

245.05 
365. 51 
665.96 

365.51 
0H5.34 
286. 85 

065.34 
171.94 
102.88 

171.94 
058.11 


14,173.11 


Latitude. 


O       «       If 


42  46  56.68 

42  47  54.41- 
42  46  01.81 


42  48  63.77 
42  47  60.98 

42  47  58. 11 
42  53  07.24 
42  52  20.47 
42  47  59.94 
42  53  20.24 
42  47  60.29 
42  48  15. 38 
42  55  57.63 
42  46  03. 82 
42  52  26. 44 
42  42  14. 28 
42  49  07.40 
42  38  19.78 
42  41  13. 31 
42  83  30. 39 
42  86  42.45 
42  29  25  68 
42  30  04  95 
42  20  59.31 

42  24  31. 50 

43  16  67.93 


Longitude. 


O     t        II 


97  54    03.94 

97  55    33. 18 
97  57    24. 49 


97  56    81. 20 
97  57    26.60 

97  47  10.61 
97  50  34.33 
97  40  10.47 
97  39  10. 81 
97  33  08. 55 
97  31  02.84 
97  19  48.03 
97  19  00. 88 
97  07  32.98 
96  57  31.90 
96  53  02. 74 
96  41  56. 12 
96  46  02. 25 
96  33  21. 77 
96  40  02. 36 
96  30  25. 34 
96  35  37. 66 
96  28  06. 87 
96  80  14. 14 
9G  21  04. 78 
96  23  27.  IT 
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Table  VII. — Tabulated  rektilts  of  secondary  triangulation,  etc. — Continaed. 


Station. 


Observed 

angle. 


Sargeuitfl 87  30  08. 41 

Winnebago !  66  32  32.27 

Hedges ;  45  51  IK.  05 

HtHlges '  46  33  a3.55 

Winnebago H9  52  31 .  09 

Blackbird '  43  34  25. 37 

Hwlgea 60  07  5H.10 

Blaokhird 39  01  23. 00 

Grant 80  50  38.55 

97  01  38. 24 
29  IS  03. 39 
53  40  14. 95 

69  54  18. 34 
73  47  49. 64 
36  17  48.30 

55  26  37. 79 
67  59  23. 24 

56  34  m.  15 

48  51  07.92 
51  22  55. 01 
79  45  57, 14 

93  27  13.  6:J 

35  37  15.76 
50  55  33. 21 

62  20  36. 90 

36  21  07. 82 
81  18  15.  75 


Blackbinl. 

Grant 

Sandig  — 

Blackbird. 
Sandig  — 
Kennt'bc'C  , 

Kennebec . 
Sandig  — 
Mormon  . . 

Mormon  .. 
Sandig  — 
Tekaniab  . 

Mormon  .. 
Tokamah  . 
Taylor . . . 

Tekamah  . 
Taylor.... 
Herman . . 


AdftiHted 
angle. 


// 

09.46 

31.89 
18.65 

02.24 
31.48 
26.28 

59.11 
22.31 
38.58 

39.85 
04.02 
16. 13 

19.60 
51.62 

48.78 

36.74 

20.  W) 
03.  30 

07.92 
55. 13 
56.95 

12.76 
13.46 
33.78 

36. 36 
07.70  j 
15.04 


Aaimuth. 


O        I        n 

6  47  45.80 
253  19  22. 47 
119  20  20. 08 

73  29  01.  18 
343  11  53.95 
206  49  23.  79 

26  55  58. 56 
245  50  46.  52 
146  53  04. 15 

245  50  46. 52 

;i6  44  20.  78 

162  54  43.11 

342  52  26. 95 
236  42  35. 05 

03  10  38. 45 

56  52  49. 34 
304  41  56. 50 
181  25  52. 25 

124  51  48. 95 
il56  04  51.  95 
255  51  26. 85 

76  00  40.  72 
291  28  40. 56 
162  35  35. 54 

201  28  40. 56 

75  18  53.77 

173  50  04. 39 


Distanoe 


FeH. 

52, 356. 40 

67. 458. 50 
(6, 932. 32 

67, 458.  50 
71,049.52 
97, 866. 53 

97. 866. 53 
85, 963. 78 
62,414,99 

86, 963. 78 
105,902.20 
52. 220. 87 

52, 220. 87 

84,711.80 

82, 845. 71 
,81.756.72 
|9*J,  036. 10 

81.756.72 
62, 559.  :J5 
164, 911. 37 

64,911.37 
83, 461. 10 
48,697.22 

83,461.10 
74, 785. 07 

50. 046. 51 


MHrts. 

15,  058. 11 
20. 561. 17 
20.400.78 

20, 561.  n 
21, 655. 70 
29, 829. 45 

,29, 829. 45 
126, 201. 52 
;  19,  023. 92 

26,201.52 
32, 278. 70 
15, 916. 78 

15, 916. 78 
25, 251. 14 
25,819.92 

25, 251. 14 
24, 919. 22 
28, 052. 35 

24, 919. 22 
19, 067. 92 
19, 784. 81 

,19  784.81 
25,438.71 

jl4,842.78 

125, 438. 71 
'22,7W.28 
15, 254. 04 


Latitude. 


o    4       n 
42  19  08.27 
42  04  45.93 
42  10  32.11 

41  56  32.87 

42  04  01.07 
41  48  52. 12 
41  46  16.27 
41  411B.  10 
41  38  04  70 


Longitode. 


96  06  07.10 
96  17  54.86 
96  00  33.90 
96  14  3L41 
96  59  13.37 

95  59  43.85 

96  13  34.90 
96  56  3L  48 
96  12  34.06 


Table  VlII, — Tabulated  results  of  secondary  trianffulation  from  Blair j  Nebr.,  to  Fsrt 

Leavemcorthf  Kans. 

[  Aaimaths  and  distances  are  in  the  order  of  stationa,  flrat  to  second,  second  to  third,  and  third  to  ftrat 

in  each  triangle.] 


Station. 


Observed 
angle. 


o 

Bench 32 

Ea«t  IJase 79 

WeBt  H«Mo 68 

Bast  RaHe 95 

Beneh 40 

Herman 37 

EaMt  Baj*e '104 

Herman 43 

Blair . . .  .^ 31 

Herman |  75 

Blair 07 

37 


Taylor 
Blair . , 


57 

.•VO 
72 

44 


Taylor 

T^oveland 

Blair 

Loveland •  64 

Douglaa •'  71 

Loveland '  'AT* 

I>ougla« I  s.'» 

Crescent '  58 

Bonglas .'J7 

CreHeent i  73 

Omaha i  49 

Omaha 50 

Creseent ,  52 

Coinicil '  76 

Omaha i  65 

roiincil '  76 

Belleviio '  38 

45 
49 
85 


Omaha 

Bellevue 

Bluffs 

Bellevue ,106 

Bluffs 38 

Heuton 37 


Bellevue 
Heutun  . 
Platte.  .. 


44 
01 
43 


16 

OH 
34 

50 
11 
49 

54 

32 
33 

06 
41 
12 

08 
31 
20 

:u 

18 
07 

45 
30 
4.'t 

(►5 
49 
05 

51 
.'.9 
09 

23 
12 
23 

15 
13 
30 

43 
11 
05 

.">:» 

32 
37 


4.3.97 
.')7. 94 
2:{.  34 

12.  82 
27.  »0 
19.  28 

19.74 
38.  4:j 
04.  58 

l.*"..  84 
26.  56 
21.13 

19.  85 
27. 92 
11.75 

26. 7:t 
25.  35 
06.80 

53.  75 
.50.  20 
17.90 

14.91 

06,  02 
38. 62 

08.93 
45.  92 
08.  44 

32. 84 
48.  20 
42.  .38 

31.80 
41.21 
52. 78 

00.60 
17.4;j 
:{8. 82 

."» ».  I'D 
01.71 
59.24 


A(\ju8ted 
angle. 


II 

43.04 
55. 26 
21. 70 

10.75 

27.  :r» 

21.90 

20.14 
36.  8:j 
03.  03 

13.94 
24.98 
21.08 

20.93 
27.63 
n.44 

27.8') 
25.  tV4 
07. 16 

52.  80 
50. 35 
16.  85 

15.14 
06.08 
38.18 

08.  .•>3 
44.30 
07,17 

30.81 
49.14 
40.05 

30.38 
39.  06 
50.56 

0.5.66 
16. 05 
38.29 

58.  (JO 
Ul.Ol 
69.49 


Azimuth. 


O  I  II 

190  45  20. 59 

89  .Vi  .52.56 

:n8  27  21.47 

10  45  57.  25 
144  ,'{3  5:{.  24 
286  41  26. 36 

.  106  45  08.  05 
330  14  03. 2f) 
181  50  37.97 

3,30  14  03.26 

217  59  00.  21 

75  18  22.  26 

217  59  00.  21 

347  34  33. 27 

95  16  30. 4^1 

275  07  21.46 

30  58  05.  18 

139  47  28.  28 

30  58  05. 18 
296  25  25.  89 
175  12  51.86 

296  25  25. 89 

42  40  28.  24 
173  31  20.99 

222  36  59.  25 

349  40  43.94 

93  32  20.76 

273  28  07. 85 

16  19  31.52 

158  54  01, 35 

338  51  38.  66 
208  07  40.  41 
113  40  43. 87 

208  07  40. 41 
351  58  37.  n 
134  .54  01,00 

314  50  46.  15 

43  21  59.01 
179  50  45. 99 


Distance. 


Ffet 

22, 490.  54 
12.902.60 
23, 728. 48 

.22,  490.  .54 
m,  476. 09 
26,  467, 31 

26,  467. 81 
48.  879, 98 
;34, 846. 27 

'48,  879. 98 
,78,119.35 
,74, 785. 07 

78, 119. 35 
68.  866.  22 
6.3, 28:J.  34 

a3,  283. 34 
46. 940.  21 
01),  269. 49 

46. 940. 21 

32. 100. 22 
54, 754. 90 

132, 100. 22 
35, 6.55. 89 
•40,  790. 08 

35, 655. 89 
28,  479.'72 
29,326.81 

129, 326. 81 
142. 930. 99 
45,  859. 26 

45, 859. 26 
|32,  673. 40 
,34, 836, 35 

■32,  673. 40 
:51.88,3.67 
]31,98.>.87 

,31.0K.>.87 
132, 877. 22 
l46, 479. 12 


Metret. 
6, 855. 06 
3, 932. 68 
7, 232. 38 

6, 855. 0* 

11,117.81 

8, 067. 16 

8, 067. 16 
14, 898.  48 
10,621.05 

14,898.48 
23,810.56 
22, 794. 28 

2,3,810.56 
20, 990.  24 
19, 288.  59 

19, 288.  59 
14, 307, 24 
18, 369. 97 

14. 307. 24 
9,  784. 06 

16,  689. 14 

9, 784, 06 
10,867.82 
12,432.71 

10.867.82 

i  8,680.54 

8, 938. 73 

8. 938. 73 

13. 085. 25 
■13,977.78 

113,977.78 

9,958.76 

10, 618. 02 

9, 958. 76 

15, 814.  (H) 

9.749.21 

i  9,749.21 
110,020.89 
1X4,166.71 


Latitude. 


Longitnde. 


O      /  II 

41  33  11.12 
41  36  49. 41 
41  36  49, 19 


41  38  04.65 
41  31  05. 32 
41  41  13. 15 
41  ;M  08. 67 
41  23  30.89 
41  21  09. 68 
41  16  60.46 
41  16  32.75 
41  09  47. 79 
41  14  82.44 
41  06  04.82 
4102  06.56 


o     <       " 
96  07  45.  S8 
96  06  50.S 
96  09  40.U 


96  12  34.V7 
96  07  0&  09 
95  56  31.17 
95  53  14.76 
95  58  33.65 
-85  S2  16,71 

95  57       tl 

96  61  H 
9553!  06 
»650  4S 
95  49  8S 
9653       43 
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Tablk  VIU. — Tabulated  results  of  seeondnrt/  tnangulation,  etc. — C'oiitinuecl. 


StatioD. 


Observed    'A^osted 
angle.      i  angle. 


Hpnt«n 

miitte j  94 

Quarry ;  33 

Platte 

Oaarry 

Calumet 


8 

Ci 


uany 

alumet 

Thurman 

Calumet 53  08  11.45 


ThurmaD 
JoneH  

Thamian 

Jones 

Pngb 

JOIKS 

Pngh. 


o     /        " 

51  35  04.  (»9 
41  36.31 
43  *iO.  06 

30  02  60.74 
78  45  50. 30 
02  11  08.82 

71  44  44.28 
55  47  13. 14 

52  28  02.87 


03 


Azimuth. 


Distance. 


/; 


I 


45  03  20. 60 
Ml  48  16.44 

81  40  25. 07 
43  34  45. 18 
54  36  53.45 

53  40  OB.  02 

87  00  44. 77 

Otoe i  30  10  05.06 


Pngh 

Otoe 

McCracken 


41  26  43.63 
52  38  51. 38 
85  55  26.65 


Pngh 1  30  07  45.65 

HcCracken 115  38  31.53 

34  13  43. 72 

76  00  11.28 
62  34  00. 54 
41  25  47. 52 

i  30  58  02. 04 


City 

McCracken 

City 

Hamburg 

(M\ 

Hamburg »  78  26  13.10 

Peru i  61  35  45.42 


Hamburg  . . 

Peril 

PbeliM) 

Peru 

Phelpa 

Bro^-nville 

Phelps 

BrownviUe 
Laugdoii . . 

Brownvillc 
Langdou  - . . 
St.  iJeroin . . 

LangdoB  . . 
St.  I>oroin . 
Nisfano  — 


St.Deroin 55 

Nishne 30 

I>evoir 84 

Nishne '  76 

lX>voir 67 

Craig 35 

Devoir 47 


71 
61 

63 

88 
28 

27 

48 

Kemeha 103 


Craig.. 
Arago. 

Craig.. 
Ara<^o. 
Xapier 

Ara^o. 
2iap]cr 


tier., 
lelia. 


56 
62 
te  Cloud i  60 


48 


I 


iw I 

te  Cloud ,  64 

!«tCity !  66 

«te  Cloud 51 


St  City 
:out — 


86 
41 


rs. 


ae 

rs.... 

--▼ay 


37  03  54.48 

60  16  60.00 
64  54  07  81 
54  48  66.63 


56  51  50.28 
67  20  52. 80 
55  41  00. 04 

52  43  15. 05 
42  42  26. 50 
84  34  18.43 

70  04  21. 06 
48  43  45. 46  i 
52  11  56. 10 

44  08  55. 02 
80  43  47. 90 
46  07  15. 38 

50  08  10  48 
58  49  00. 75 

71  02  50. 00 


.52  36.  25 

52  11.38 
15  14  18 

43  51.89 
18  57, 25 
57  M.71 

11  00.57 
34  08. 70 

14  50.46 

30  02. 14 

15  21.45 
05  37.34 

48  21.04 

55  24. 20 

16  16  25 

36  22  82 

56  06.56 
27  31.44 

53  28.57 
1)0  01. 10 

57  28.88 

31  52. 10 
33  40, 65 

54  17  89 

at  City 32  03  23.57 

tout 53  27  31.06 

oe :  04  20  04.81 

tout '.  71  20  03.12 

ae 71  27  03.50 


1 


03.02 
36.34 
20.64 

01.97 
49.90 
08. 13 

44.08 
13.  .56 
02.36 

11.87 
30.44 
17.60 

23.47 
44.20 
52.33 

08.70  • 
45.48  I 
05.82  i 

42.77  i 
50.89  ! 
26.34  1 

45.36 
31.00 
43.55  • 

11.66  i 
01.08 

47.26  I 

02  18 
12.69 

45. 13  ' 

58.71  1 

52.27  1 
09.02  I 

14. 76 ; 

26.80  I 
18. 44  I 

19.  70  i 
45. 15  i 

55. 15 

56.51 
47.69 
15.80 

09.51  ! 

01.33 

49.16 

3.0.60 
11.36 
13.04 

51.61 

57. 16 
11.23 

00.42 
OK.  80 

50. 78 

02.  'W 
21  3;{ 
36.37 

19. 70 
24.13 
16.17 

22.63 
Uti  U5 
31.32 


20.  27 
01. 12 
20.61 

51.79 
40.19 
19. 02 

24.26 
31.  23 
04.51 

02.04 
03.67 
54.20 

50.26 
07.36 
58.40 


43  21  59.01 
318  00  21.04 
171  48  08.02 

318  00  21. 04 

59  18  57. 23 

177  03  46.70 

59  18  57, 23 
295  02  08. 47 
167  35  16.26 

295  02  08. 47 

70  03  43. 30 

108  11  00.85 

70  03  43.  SO 
293  34  11.81 
108  15  06. 62 

203  34  11.81 

26  38  28. 59 

167  16  15. 31 

26  38  28. 59 
259  14  12. 12 
165  14  10.78 

845  12  45  71 

49  35  39. 54 

195  18  10.00 

49  35  39. 54 
292  05  54. 87 
15:{  38  24.49 

292  05  54.  87 
33  40  24. 27 

152  07  43. 37 

33  46  24. 27 
281  10  20.  88 
156  56  44. 04 

281  10  20. 88 
58  33  08. 06 

153  55  11.  63 

58  33  08.00 
287  13  1.5.29 
159  30  13,  43 

287  13  15.29 

17  34  30. 40 

151  25  42. 32 

17  34  30. 40 
256  21  59.  53 

147  28  49. 08 

256  21  59.  53 

36  33  49.  l»5 

132  16  33. 29 

36  33  49.  05 
283  50  43.  55 

139  53  26. 05 

283  50  43. 55 

32  22  05. 84 

151  04  42. 61 

32  22  05. 84 
300  34  54. 90 

148  48  16. 49 

300  34  54. 90 

71  47  15.70 
148  26  54. 00 

71  47  15.70 
314  39  16.  28 
195  C»9  43. 82 

15  10  5,'J.  00 
259  18  44.  i)9 
146  19  47  (U 

2.59  18  44. 99 
352  48  28. 18 
130  54  40.  76 

352  48  28.18 
226  16  31. 10 

140  47  12  92 

226  16  31, 10 
334  51  04.71 
117  48  40. 29 

334  51  04. 71 

210  46  42. 02 

04  38  50.36 


Feet. 

32. 877. 22 
46, 400. 2» 
59,021.51 

46. 400. 23 
l33, 050. 97 
■51,455.88 

33. 050. 97 

39,  .580.  58 
34, 465. 82 

39, 580.  58 
31.993.85 

28. 305. 27 

31,903.85 
■38,852.07 
127, 057. 88 

38, 852. 07 
49, 397. 36 
61, 233. 55 

49,  397. 36 
32,  768. 36 
;39, 366. 35 

:»9,  366. 35 
35, 128.  99 
03, 092. 73 

35,128.99 
51,512.57 
47, 118.  96 

.51,512.57 
37, 617. 70 
57, 374. 13 

37, 017. 70 
38, 138. 61 
42, 001. 50 

38. 138. 61 
30, 483. 31 

25. 984. 24 

30, 483.  31 
37,  879. 98 
2H,  996,  41 

37.  879.  98 

Ml  mu.  05 

52,551.70 

30,  004. 05 
'J9,  706. 59 
33,110.47 

29,  lOG.  59 
24,716.21 
19,139.45 

24, 716.  21 
4<).973  25 
3^!,  840.  09 

40,  973.  25 
34.  282.  02 
44, 338.  24 

:U,  282. 02 
05,  235.  m 

72. 765. 62 

65. 235. 80 
31. 205.  .55 
50,520.13 

31,  205.  55 
3(1,  (H)4. 40 
32,001.89 

32.001.89 
20. 2i)2. 70 
31,290.06 

26,  202.  70 

30.  710.  00 
39,160,91 

30.716.09 
16,352.89 
24,  753. 04 

16,  352. 89 
25, 727. 23 

25. 722. 28 

25, 727. 23 
27, 328. 50 
28,600.60 


Metres. 
10, 020. 89 
14, 142. 66 
17, 989. 59 

14, 142. 66 
10,  073. 85 
115,683.61 

!lO,073.a5 
12,064.05 
10,  ,505.09 

:  12, 064. 05 
9,751.64 
8, 627. 37 

9,751.64 
11,842.00 
8,247.17  , 

11.842.00  i 
15,056.18  : 
18,663.82  ; 

15,056.18  1 

9,087.71  ; 

11,998.75  , 

11,998.75 
10,707.22 
19,  2:tO.  44 

10.707.22 
15,  700. 89 
14,361.73 

15, 700. 89 
11,46,5.77 
17,487.48 

111,46.5.77 
111,624.54 
12, 820. 30 

11,624.54 
9,  291.  23 
7, 919. 92 

!  9,291.23 
11,. 545. 71 

8,  838.  03 

11,54.5.71 
11,1.56.81 
10,017.61 

11,156.81 

9.054.48 

,10,091.98 

9.0.54.48 

7.  ,533.  43 

.  5.833.65 

7.  .533.43 
12,  4XH..58 
11,H38..53 

12. 488.  .53 
10.  449. 07 
13, 514. 17 

10,449.07 
19,^83.69 
22,178,76 

19,  883. 69 

9,  529.  05 
15, 400. 22 

9, 5-29. 65 
9,  14,5.  26 
9,  754. 09 

9,  751.  09 
7,  98(5.  53 
9,  5:{».  14 

7, 9S<).  53 

9,  'MVl.  18 

11,930.14 

9,  .302. 18 
4, 984.  31 
7,  544. 93 

4,984.31 
7, 841.  59 
7, 840. 08 

7, 841.  50 
8, 329. 65 
8,686.00 


Latitude.       Longitude. 


Oil!  o     I        n 


40  56  27,02  .  95  47  10.92 


40  53  40.80  '  05  53  21,02 


40  50  .55.  04   a5  45  34.  40 


40  49  07. 05  I  95  52  05.  50 


40  46  33. 28  '  95  44  22.  71 


40  30  16.90   05  49  10  08 


40  40  17. 16  i  05  42  12.  33 


40  36  32. 01   05  47  59. 14 


40  33  20. 06   95  37  40. 83 


40  28  10.98   95  42  11.39 


40  26  57. 68  ,  95  34  07. 44 


40  24  20. 39 


95  39  43.  53 


40  22  29,30   95  31  56.12 


40  16  44.48 


95  34  18. 72 


40  17  53.47  I    05  28  06.15 

» 

40  14  37.26   95  31  16.01 

40  13  00. 05   95  22  43. 21 

I 

I 
I 

40  08  13. 84  I  95  26  39.  51 

I 
I 
I 

40  02  45. 22  I  95  14  37. 39 

i 
40  01  08.48  ,  95  20  59.11 

i 

39  57  39. 99  !  95  16  25.  02 

i 

39  58  27.  88  95  10  5-1. 30 

39  53  26. 71  95  10  04.  96 

30  55  18.  39  95  07  33.  20 

30  51  28. 21  ,  05  05  13. 00 


30  64  65.71 


06  01  28.70 
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Tablk  VUI. — Tabulated  results  of  secondary  triaiigulaiionf  etc, — Continued. 


Btotioii. 


If  Mm.... 
Nodawiiy 
Fox 


Nodftwmy.. 
Fox 

Fox 

AmaionU . 
St.  Joe.... 


Fox 

St.  Joe 

Watben* 

St  Joe 

WathenA 

Kings  Knob. 

Watbena 

KinnKnob. 
Anoerson . . . 

Watbena. . . . 
KlngBKnob. 
Kenmoor 

Andemon . . . 

Kenmoor 

Halle 


Ob«enred 
angle. 


Anderaoil 

Halls 

Geary  — 

HalU.^... 
Geary  — 
Atchison. 

Geary  — 
Atchison. 
€h>rdon... 


Atchison.. 

Gordon 

Snyder.... 

Gordon.... 
Snyder..., 
Reese 

Snyder 

Seese 

OakHU^. 

Reese 

Oak  Mills 
latan 


Oak  Mills 

latan 

Kickapoo 

latan 

Kickapoo 
Weston . . 

Kickapoo 
Weston . . 
Sheridan . 


Of  " 

66  35  66.64 
57  32  34. 90 
62  51  28. 27 

57  11  80. 06 
77  55  11.92 
44  53  20.99 

50  51  40. 14 

75  29  46. 51 
53  38  31.26 

48  50  50.67 
62  85  59. 52 
68  24  09.35 

53  26  46.87 

67  08  17. 82 

66  25  00.33 

88  28  07. 73 
87  13  50. 95 

54  18  02.66 

56  38  55.88 

76  27  46. 65 

46  53  21.86 

39  56  02.02 
91  12  50. 81 
48  51  05. 04 

42  13  24.46 

57  23  21. 92 
80  23  14  31 

48  48  38. 63 

90  10  39.91 
41  00  45.26 

48  21  52.39 

91  49  18. 73 
44  48  52. 75 

54  13  12. 90 

67  11  11.47 
56  35  41. 14 

87  43  31.26 

47  42  23. 42 
44  34  04. 08 

32  89  46.54 
87  24  08. 74 
59  56  06.  85 

49  49  08. 50 
52  21  00. 47 

77  49  54. 60 

67  55  05.91 
67  22  68. 70 
44  41  54. 75 

48  46  38.3;& 
87  28  06.61 

43  45  17. 30 

48  83  56. 36 
52  18  40. 16 
84  07  23. 78 


Adjusted 
angle. 

t         H 

58.03 
34.05 
27.02 

28.68 
11.89 
19.93 

40.65 
46.89 
82.46 

50.69 
60.56 
00.76 

45.85 

16.24 

24  57. 91 

06.99 
49.85 
03.16 

55.54 
44.29 
20.17 

02.38 
51.90 
05.72 

2.3.64 
22.39 
13.97 

83.56 
40.54 
45.87 

53.35 
14.26 
52.39 

09.89 

oo.:i8 

40.73 

80.49 
24.65 
04.86 

46.40 
09.04 
05.56 

08.02 
20  59.02 
52.96 

06.20 
59.  52 
64.28 

88.27 
05.10 
16.54 

56.18 
40.27 
23.60 


Aaimntli. 


Of  w 

219  46  42.02 

342  16  31.  82 

99  26  10. 19 

342  16  81. 82 
240  12  49. 57 
106  09  64.69 

240  12  49. 57 
344  46  47. 81 
lU  09  20. 60 

291  04  80. 29 

48  33  21.07 

160  06  02. 21 

48  33  21. 07 

295  88  28. 30 
176  06  58. 08 

296  88  28. 36 
78  28  10. 27 

204  05  23. 93 

295  38  28. 36 

39  14  15.  82 
172  18  05.  85 

322  56  31. 14 

51  44  32. 51 

182  51  21.09 

2  51  33.57 
125  27  58. 70 
225  02  26. 20 

125  27  58. 70 

35  36  2U.  02 

256  35  13. 53 

35  36  20.92 
307  23  41.96 
172  15  04. 75 

307  23  41.96 

60  15  02. 95 

181  36  46. 14 

60  15  02.95 
287  54  51. 60 
152  32  50. 73 

287  54  51.60 

20  34  45. 78 

140  37  44. 22 

20  34  46. 78 
252  54  48. 86 
150  46  40. 72 

252  54  48.86 

5  33  48. 21 

140  51  38.04 

5  33  48. 21 
273  01  37. 57 
136  40  51. 78 

273  01  37. 57 

40  45  54.  01 
136  37  10. 94 


Distance. 


FmL 

27.328.50 


26 
25, 

26 
31 
36 
31 
30 
37 

87 
30 
36 

30 

2H 
32 

28 
35 
21 

28 
■32 
'38 

23 
10 
30 

30 
20 
26 

20 
23 
31 

23 
23 
33 

23 
22 
25 

22 
31 
23 

31 

19 

36 

19, 
15 
15 

15 
20 
20 

20 
21 
20 

21 
15 
1 17 


487.99 
918.22 

487.99 
545.49 
701.39 

545.49 
381.64 
922.43 

922.43 
780.23 
210.22 

780.28 
721.17 
946.40 

721. 17 
354.20 
397.76 

721.17 
863.33 
249.30 

021. 36 
024.04 
565.67 

565.67 
833.26 
113. 77 

833.26 
890.33 
746.85 

890.33 
274. 31 
878.79 

274,31 
122. 43 
135.84 

122.43 
499.54 
318. 98 

499.54 
612.82 
359.02 

642.82 
352.22 
909.75 

352.22 
225.50 
147.98 

225.50 
907. 27 
217. 16 

907.27 
240.27 
499.36 


Metres. 
8.329.65 
8. 073. 47 
7,898.28 

8,073.47 

9, 614. 98 

11,186.48 

9,614.98 
9,260.24 

11. 558. 65 

11. 558. 66 
9, 381. 73 

11,036.78 

9,881.73 

8, 754. 13 

10,041.67 

8. 754. 13 

10, 775. 86 

6, 521. 9b 

8, 754. 13 
10, 016. 66 
11,658.28 

7,016.85 
5,981.5:) 
0,  316.  33 

9,  316. 33 
6, 349. 92 
7,959.40 

6.840.92 
7,281.71 
9,676.36 

7,281.71 

7, 093. 94 

10, 826. 16 

7,093.94 
6, 742. 86 
7,661.88 

6,742.86 
9,600.97 
7,107.56 

9,600.97 

5.  987. 08 

11, 082. 13 

5, 987. 08 
4, 679. 31 
4,849.26 

4,679.81 
6, 164. 68 
6,141.05 

6, 164. 68 
6. 704. 71 
8, 005. 31 

6, 704. 71 
4, 645. 19 
5,833.76 


Latitude. 


O      I      n 

80  50  46.35 
89  63  2L07 
89  48  31.34 
30  46  09.89 
80  4S06u08 
89  41  56.86 
80  88  5S.29 
89  36  55. 16 
80  88  64.66 
30  88  42.66 
89  83  22.70 
SO  81  34.23 
80  29  58.80 
39  26  66,64 
80  27  4L  08 
30  94  22.18 
39  24  10.65 
30  22  16.45 


Long^tode. 


o     f     « 


EXTRA  STATIONS. 


Councils 

Crescent 

TJ.  S.  C.  and  G 

Councils 

Crescent 

High  School. . 


93  03 
40  40 
46  15 

92  82 
40  56 
46  81 


160  41  27. 03 
30  21  40.  »4 

256  34  34.  04 

169  41  27. 93 
30  86  40. 94 

257  05  13. 44 


28, 479. 72 
39, 270. 98 
25, 094. 95 

28,479.72 
39, 208. 07 
25,713.27 


8,680.54 

11,969.87 

7, 831.  75 

8.680.54 

11, 050. 51 

7,837.88 


41  15  83.94 
41  16  86.11 


Section  I.— Description  of  permanent  station-marks,  secondary  trianoi'  i- 

TION  stations,   from  THREE  FORKS  TO  FOKT  BENTON,  MONTANA. 
[Abbreriations :  A  =  Secondary  trianguUition  station.    B.  B.  -  Bight  bank.    L.  B.  =  Left  bam^ 

South  Base  is  in  the  town  of  Gallatin,  Mont.,  between  the  Gallatin  and  Mad  n 

rivers,  and  on  L.  B.  of  Moss  Creek,  and  east  of  Main  street ;  is  1,053  feet  sonthwei  )i 

the  northeast  comer  of  sec.  20,  T.  2  N.,  R.  2  E.  v^Aim^  A 

ITorth  Base  is  on  B.  B.  of  the  river  formed  by  the  Jnnction  of  the  Madison  Q 

Jefferson,  on  a  low  bank,  in  timber,  and  about  120  feet  from  water's  edge;  is  M  it 
400  ftet  west  of  the  soaih  end  of  zoeky  plateau. 


i»m» 
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Gallatin  is  on  R.  B.,  oue-half  of  a  mile  (nint  of  river  and  one-balf  of  a  mile  uorth- 
east  of  water  tank  at  railroad  station  Gallatin;  is  on  first  high  land  northeast  of 
water  tank ;  there  is  higher  land  600  feet  north. 

Campbell  is  on  L.  B.,  three-eighths  of  a  mile  back  from  river  and  1  mile  north  of 
Fannie  Campbell's  ranch ;  is  on  west  end  of  a  rooky  point,  and  is  the  highest  land  in 
vicinity.  A  is  marked  by  a  copper  bolt,  three-eightbs  of  an  inch  in  diameter  and  6 
inches  lon^,  leaded  in  the  natural  rock. 

Cedar  H%ll  is  on  R.  B.^  one-half  of  a  mile  east  of  river,  and  If  miles  north  of  rail- 
road station  Gallatin ;  is  on  a  high  point  covered  with  small  cedar  trees,  and  quite 
prominent ;  is  very  rocky,  qnite  abrupt  towards  the  west ;  marked  by  a  copper  bolt 
and  letters  U.  S. 

Huntley  is  on  R.  B.,  back  2  miles  from  a  point  4  miles  from  its  head;  4  miles  south 
of  railroad  station  Magpie,  2  miles  above  Huntley  <&  Clark's  ranch ;  is  on  middle  one 
of  3  similar  hills;  is  rocky,  also,  the  hill  to  tlie  northeast.  The  one  to  the  southwest 
is  grassy.    A  road  crosses  divide  800  feet  southwest.     Is  marked  by  copper  bolt. 

Spring  is  on  L.  B.,  three-eighths  of  a  mile  west  of  river  and  3  miles  from  its  head; 
is  on  first  blnft',  very  steep  to  the  east,  but  slopes  gradually  to  the  west.  A  iS  near 
north  end  of  rocky  bluif  and  on  highest  part;  is  within  3  feet  of  edge  of  blnff  to 
the  east^  is  marked  by  copper  bolt. 

Clark  18  on  R.  B.^  1^  miles  back  from  river  at  a  point  2^  miles  above  railroad  sta- 
tion Magpie,  1  mile  east  from  Huntley  <&  Clark's  ranch;  is  on  first  bluff  from 
river,  which  extends  about  1,200  feet  east  and  west,  and  is  very  steep  to  south.  ITie 
A  is  30  feet  from  edge  of  bluif  to  southeast. 

BeatHe  is  on  L.  B.,  2  miles  from  river  at  a  point  opposite  Beattie's  ranch;  ts  on 
north  end  of  ridjs^e  which  slopes  gradually  to  east,  but  very  abrupt  to  west;  is  the 
highest  land  in  vicinity,  excepting  a  ridge  oue-half  of  a  mile  uorth. 

Sa/wyer  is  on  L.  B.,  back  from  river  three-eighths  of  a  mile  from  a  point  1^  miles 
below  railroad  station  Magpie ;  on  first  bluff,  very  rocky,  shows  lead  stain,  several 
north  showing  lead  stain  but  none  south.     Is  the  highest  land  within  1-^  miles. 

Magpie  is  on  R.  B.,  2^  miles  N.  60°  E.  from  Magpie  railroad  station,  and  same  dis- 
tance from" river  at  a  point  where  N.  P.  R.  K.  strikes  bluff'.  A  is  on  a  narrow,  grassy 
ridge^  extending  northeast  and  southwest ;  is  800  'feet  north  of  a  road  in  bottom  of 
a  ravine. 

Pinnacle  is  on  L.  B.,  1^  miles  above  railroad  station  Painted  Rock^  one-half  of  a 
mile  northwest  from  Carolus'  ranch ^  is  on  east  end  of  a  high  plateau  hill,  the  highest 
land  in  vicinity.    A  is  marked  by  copper  bolt. 

Carolue  is  on  R.  B.,  2^  miles  northeast  from  Carolus'  ranch;  is  on  a  grassy  ridge 
and  40  feet  from  south  edge ;  is  the  highest  land  within  2^  miles  of  A. 

Painted  Bock  is  on  L.  B.,  3^  miles  below  railroad  station  Painted  Rock ;  is  on  a  very 
high  and  prominent  hill,  ver>'  steep  to  water's  edge.     A  is  close  to  south  edge. 

Lone  Bush  is  on  R.  B.,  1-^  miles  back  from  river,  and  2  miles  northeast  of  Mammoth 
Springs;  is  on  a  long  grassy  hill  with  a  lone  bush  50  feet  southwest  of  station;  the 
hul  is  quite  prominent.  The  land  600  feet  northeast  of  A  is  the  highest  in  vicinity. 
Is  marked  by  a  copper  bolt. 

Toeion  is  on  R.  B.,  2\  miles  due  east  of  the  town  of  Toston,  Mont.,  on  first  grassy 
hill  east,  and  is  the  highest  land  within  5  miles  of  Toston. 

Dougherty  is  on  L.  B.,  2  miles  back  from  the  river  at  tlie  town  of  Toston,  Mont., 
on  the  ranch  of  John  E.  Dougherty,  three-eighths  of  a  mile  northwest  of  his  house; 
eOO  feet  west  of  the  northeast  comer  of  the  NW.  f  of  the  NE.  i  of  sec.  28,  T.  5  N.,  R.  2  E. 

Howard  is  on  L.  B.,  1  mile  from  river  at  a  point  4  miles  below  Toston,  Mont.,  on  a 
ridge  25  feet  high,  three-eighths  of  a  mile  north  of  "  Crazy"  Howard's  house ;  a  long, 
narrow  ridge  of  same  elevation  between  A  and  Howard's  house. 

Beeieee  is  on  R.  B.,  2  miles  from  river  at  a  point  7  miles,  by  rail,  above  Townsend, 
Mont. ;  1\  miles  N.  82^  E.  of  George  P.  Reeves'  ranch,  on  a  grassy  ridge  150  feet  high; 
higher  land  600  feet  southeast ;  land  much  higher  to  east  aud  northeast. 

Hossfeld  is  on  L.  B.,  on  a  rocky  point  one-half  of  a  mile  north  of  Hossfeld's  house, 
and  one-half  mile  back  from  river,  on  first  hill ;  is  said  to  be  in  NE.  ^  of  SW.  ^  of  sec. 
20,  T.  6  N.,  R.  2  E.:  marked  by  a  copper  bolt. 

Deep  Creek  is  on  R.  B.,  4  miles  back  from  river  opposite  A  Hossfeld,  3|  miles  south- 

Bt  of  Townsend,  Mont.,  one-half  of  a  mile  south  of  stage  road  to  Castle;  on  R.  B.  of 

jep  Creek,  three-eighths  of  a  mile  from  valley ;  higher  laud  1  mile  northeast,  but  has 

iars  on  south.     Hill  on  which  ^  is  located  is  grasHv. 

Bridge  \r  on  L.  B.,  one-quarter  of  a  mile  northwest  of  Northern  Pacific  Railroad 

Ldge  at  Townsend,  Mont.,  and  200  feet  west  of  track,  on  plateau;  is  in  northeast 

mer  of  NE.  i  of  sec.  25,  T.  7  N.,  R.  1  E. 

Marks  is  on  R.  B.,  on  west  edge  of  a  ])lateau,  6  miles  northeast  of  Townsend,  Mon{., 

d  1  mile  north  of  Marks'  ranch,  280  feet  west  of  Catholic  cemetery,  and  20  feet  east 

edge  of  plateau. 

Reed  is  on  L.  B.,  130  feet  west  of  edge  of  bluff.  1^  miles  above  mouth  of  Eight-mUe 
uj^  one-half  of  a  mile  N.  80^  E.  to  Honry  Reed's  house  on  island* 
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Duck  Creek  is  on  R.  B.,  on  a  crassy  hill  3^  milea  east  and  one-half  mile  8oiith  ot 
Pickering  Ferrv ;  highest  land  m  vicinity ;  is  450  feet  S.  11*^  15'  E.  of  northwest  cor- 
ner of  sec.  15,  t.  8  N.,  R.  2  E. 

Bearer  Creek  is  on  L.  B.,  on  a  knoll  of  a  long  ridge;  land  600  feet  northwest  is  as 
high  as  station  and  gradually  gets  higher  t«  northwest;  is  2^  miles  northwest  from 
Pickering  Ferry  and  same  distance  southwest  of  Blake  Ferry.  Alhert  Filson's  hduse 
is  thrce-tjuarters  of  a  mile  N.  50^  39'  E. 

Confederate  is  on  R.  B.,  on  a  ridge  running  north  and  south  on  R.  B.  of  Confederate 
Cn^ek,  and  1  mile  west,  3  miles  northeast  of  Pickering  Ferry,  1  mile  west  of  Morgan's 
ranch,  1  mile  north  of  Johnny  Thomas*  ranch;  highest  land  in  vicinity. 

Ceary  is  on  R,  B.,  2  miles  from  river  at  a  point  2  miles  helow  Blake  Ferry ;  is  on  a 
knoll  in  William  Geary's  field,  and  900  feet  southwest  of  his  house;  highest  land  in 
field.     A  is  near  center  of  the  SE.  i  of  the  NE.  i  of  sec.  12^  T.  9  N.,  R.  1  E. 

Squires  is  on  L.  B.,  on  east  end  of  a  chalk  limestone  hill,  700  feet  long  east  and 
west;  1  mile  northwest  from  Squires  house,  three-ouarters  of  a  mile  south  of  A. 
McMIIIan'H  house;  is  in  northwest  comer  of  sec.  21,  1.  9  N.,  R.  1  E. 

Blackfcell  is  on  R.  B.,  ahout  4  miles  northeast  of  Thomas  Cooney's  hon8e,onalevel 
plateau  about  1^  miles  northeast  of  Joe  Blackwell's  house,  250  feet  south  from  edge 
of  Avalanche  Gulch  and  30  feet  north  of  an  old  road. 

Degan  is  on  L.  B.,  on  east  end  of  a  narrow  rocky  ridge,  5  miles  above  Canyon  Ferry, 
one-half  of  a  mile  west  of  Degan's  ranch,  and  one-quarter  of  a  mile  back  from  river; 
land  back  of  station  is  much  higher.     A  is  marked  oy  a  copper  bolt. 

Maxwell  is  on  R.  B.,  about  4^  miles  N.  36°  E.  of  the  t-own  of  Canyon  Ferry,  Mont., 
on  the  middle  one  of  three  high,  wooded  hills,  about  1  mile  northeast  of  Maxwell's 
house.     A  is  marked  by  a  copper  bolt. 

Canyon  Fen*y  is  on  L.  B.,  oH  a  rocky  ridge  running  nearly  east  and  west  and  the 
highest  point  within  2  miles.  A  is  about  2  miles  N.  65°  W.  of  the  town  of  Canon 
Ferry.  Is  marked  by  a  copper  bolt  leaded  in  natural  rock  2  feet  above  general  sur- 
face.' 

Stul)h8  is  on  L.  B.,  on  north  end  of  a  grassy  ridge,  1|  miles  west  of  the  river,  at 
Stubbs  Ferry,  about  170  feet  south  of  a  fence  and  the  road  to  Helena,  Mont. 

Fuller  is  on  R,  B.,  on  middle  one*  of  three  ridges  of  about  same  elevation,  running 
northwest  and  southeast,  about  3^  miles  east  of  Stubbs  Ferry  and  same  distance  nortn 
from  river  at  Frencli  Bar.  Ridge  is  very  rocky  and  is  just  seen  over  ridge  in  front 
from  A  Stubbs.     Marked  by  a  copper  bolt. 

PHekly  Pear  is  on  L.  B.,  and  on  L.  B.  of  Prickly  Pear  Creek,  about  one-half  of  a 
mile  west  of  a  point  1  mile  above  mouth  of  creek ;  is  on  a  grassy-topped  hill ;  shale 
rock  crops  out  m  places;  land  1,000  feet  north  is  higher.     Marked  by  a  copper  bolt. 

Hilger  is  on  L.  B.,  on  a  high  plateau-topped  hill,  ai)Out  4  miles  south  of  N.  Hilger's 
ranch ;  is  20  feet  from  south  edge  of  hill ;  large  bowlder  jnst  southwest  of  A.  Highest 
hill  on  L.  B.  within  8  miles.    Marked  by  a  copper  bolt. 

El  Dorado  is  ou  R.  B.,  back  about  2^  miles  from  the  abandoned  placer  mine  at  £1 
Dorado  Bar.  It  is  on  a  mountain  600  feet  high  to  left  of  left  branch  of  a  gulch  emp- 
tying into  river  at  El  Dorado  Bar.  There  is  a  higher  mountain  1  mile  south.  West 
face  of  mountain,  on  which  A  is  located,  is  of  white  rock  almost  Jo  base.  Marked  by 
a  copper  bolt. 

B.  J\  Mountain  is  on  L.  B.,  on  a  high  mountain  5  miles  north  of  N.  Hilger's  ranch, 
and  1\  milcM  from  river.  A  is  not  located  on  highest  part,  but  300  feet  southeast.  A 
is  100  feet  from  its  southeast  point.  Rock  into  which  copper  bolt  is  leaded  is  jnst 
flush  with  surface. 

Jmerican  is  on  R.  B.,  on  south  peak  of  a  two-peaked  mountain,  3  miles  from  river 
as  mea«ure<l  along  large  ravine  running  along  south  side  of  mountain  and  emptying 
into  river  at  American  Bar.  North  peak  of  mountain  is  wooded ;  south  peak  is  bare. 
Marked  by  a  copper  bolt. 

Willow  Creek  is  on  R.  B.,  on  a  very  high  ridge  running  north  and  south  between 
"Willow  Creek  and  Cottonwood  Creek,  and 4^  miles  back  ft'om  river.  A  is  not  on  high- 
est part  of  hill,  but  on  a  grassy  spot  40  feet  in  front  of  a  rocky  ridge  15  feet  higher 
than  station.     Marked  by  a  cop])er  bolt  in  a  bowlder. 

Ox  How  is  nn  L.  B.,  on  a  very  prominent,  shaqi,  rocky  point  1,700 feet  high,  1  mi'** 
back  from  river  at  Mitler's  Island.     A  is  marked  by  a  cojiper  bolt  in  highest  par 
Highest  hill  within  3  miles. 

Miller  is  on  R.  B.,  very  high  hill,  wooded  on  west  to  within  three-eighths  of  a  mi 
of  station,  is  3f  miles  back  from  river  at  Mitlers  Island.  A  is  marked  by  a  copp 
bolt  in  liighest  part  of  hill.     Higher  land  2  miles  northwest. 

JVolf  Creek  is  on  L.  B.,  on  south  end  of  a  rocky  point  three-eighths  of  a  mile  nor^ 
of^Wolf  Creek,  and  3  miles  west  from  river  at  its  mouth,  three-quarters  of  ami 
northeast  frcmi  the  town  of  Wolf  Creek,  on  first  rocky  knob  from  south  end;  high 
knobs  farther  north.     Marked  by  a  copper  bdt. 

Bock  Creek  is  on  L.  B.^  on  a  sharp,  rocky  hill,  3  miles  above  Craig;  Mont. ;  a  loz 
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narrow  TiiX^e  on  east  and  north  Hide  of  station  throe-eiphths  of  a  mile  distant.    There 
i8  a  sharp  hill  fully  as  high  700  feet  we«t.     A  is  marked  by  a  copwer  bolt. 

Wagner  is  on  R.  B.,  on  a  low,  gi*a«sy  hill  1^  miles  from  the  river  at  the  town  of 
Craig,  Mont. ;  is  three-eij^hths  of  a  mile  north  of  Wagner  Creek.  There  is  a  long, 
rocky  ridge  running  southwest  from  station  to  a  log  schoolhouse.  A  is  marked  by 
a  copper  bolt. 

Craig  is  on  L.  B.,  on  a  rocky  ridge,  l\  miles  from  river,  at  a  point  3^  miles  below 
Craipf,  Mont.,  or  one-half  of  a  mih^  below  tunnel  No.  3  on  Great  Northern  Railroad. 
Kidge  is  long  and  even-topp^dy  standing  by  itnelf,  highest  land  within  2  miles. 
Marked  by  a  copper  bolt. 

StU'kneif  is  on  R.  B.,  cni  a  rocky  knob  on  north  end  of  ridge,  abont  1^^  miles  from 
near(\st  point  on  river  and  '^l  miles  from  R.  M.  Stickney's  ranch.  Thete  is  no  higher 
land  within  1  mile  of  A  .  Kock  in  which  copper  bolt  was  iea<led  beijigpoor,  a  reference 
bolt  was  set  7.37  feet  S.  58^  44'  E. 

Sugar  Loafin  on  L.  B.,  cm  a  very  high,  dark  mountain  standing  by  itself,  3  miles, 
from  river  at  Mid  Canon  railroad  station.     There  is  no  higher  land  within  5  miie-s.    A 
is  on  north  end  of  rocky  top,  marked  by  a  coj)per  bolt. 

Hardg  is  on  L.  B.,  back  from  river,  abo\it  2|  miles  from  railroad  station  Hardy.  A  is: 
located  on  a  rocky  knob  abont  half  way  up  a  long  ridge,  wooded  to  the  north,  and 
very  high,  and  having  a  rocky  point  on  south  end.  A  is  on  first  rocky  point  below 
woods;  several  points  south  of  A  ,  but  none  so  high.     Marked  by  a  copper  bolt. 

Sheep  Creek  is  on  R.  B.,  on  north  end  of  a  high,  rocky  mountain,  4  miles  from  river 
at  a  point  2  mile^  below  railrofvd  station  Hardy,  Mont.  A  is  on  a  rocky  knob ;  moun- 
tain IS  higher  H  miles  to  southeast.     Marked  by  a  copper  bolt. 

Cascade  is  on  L.  B.,  on  southeast  part  of  a  plateau  li")!)  feet  high,  1^  miles  northwest 
of  the  town  of  Ca8ca<le,  Mont.  A  is  150  feet  from  east  edge,  but  not  on  highest  part 
of  plateau.     Marked  by  a  copper  bolt. 

St,  Clair  is  on  R.  B.,  on  a  smooth,  grassy  ridge  between  Bird  Creek  and  Missouri 
River,  3|  miles  from  river  at  the  town  of  Cascade,  Mont.,  and  three-quarters  of  a 
mile  northwest  from  Rid  Burmeister's  house;  ou  highest  part  of  ridge;  pile  of  stones 
8  feet  southeast  of  station. 

l>iride  is  on  R.  B.,  on  a  ridge  between  Bird  ('reek  and  Smith  River,  about  3|  miles 
hack  from  river  at  a  point  1^  mi1e>4  below  mouth  of  Muddy  Creek.  Is  on  a  knob  on 
ea^it  side  of  ridge;  a  prairie-dog  town  east  and  north. 

Muddy  Creek  is  on  L.  B.,  on  west  end  of  a  ridge,  and  about  1^  miles  east  of  Muddy 
Creek;  a  pile  of  rocks 400  feet  west  of  station.  A  is  about  one-half  of  a  mile  from 
river. 

I'im  is  on  L.  B.,  on  a  smooth,  grassy,  plateau  hill,  very  low,  1  mile  northwest  of 
railroad  station  V\m,  Mont,     is  first  hill  to  northwest. 

fi'ihon  is  on  R.  B.,  on  a  small  plateau  hill  on  main  plateau,  If  miles  southwest  of 
David  Wilson's  lnnist^  and  three-quarters  of  a  mile  from  river.  There  is  a  plateau 
hill  east  as  high  as  where  A  is,  but  is  not  connected  to  main  plateau. 

Antelope  is  on  L.  B.,  on  Antelope  Butte,  about  5  miles  east  of  IJlm,  Mont,  Butte  is 
20  feet  higher  than  surrounding  plateau.     A  is  on  highest  part  of  butte. 

Epler  is  <m  L.  B.,  three-eigliths  of  a  mile  from  river  above  the  ''Big  Bend."  Is  30 
feet  from  southeast  edge  of  ]»lateau.  The  laud  is  higher  about  1.600  feet  southwest 
of  A. 

Big  Bend  is  on  R.  B.,  on  north  side  of  a  long  ridge,  31  miles  from  river  at  Big  Bend 
and  4^^  miles  south  from  river  at  "Bex  Elder  I'ark."  Kidge  is  higher  one-ciuarter  of 
a  mile  south  from  A.  There  is  a  ])ile  of  rock  6  feet  high  on  east  end  of  ridge,  one- 
half  mile  east  of  station. 

Sand  Coulee  is  on  R.  B.,  on  grassy,  round-topped,  jdateau  hill,  1  mile  east  of  river, 
11  miles  south  of  Sand  Cou1«m*  Creek.  ^  is  on  highest  part  of  hill,  and  is  the  highest 
land  within  2  miles;  1.50  feet  east  to  wire  fence;  one-quarter  of  a  mile  east  to  rocky 
ravine. 

Sun  Hirer  is  on  L.  B.,  on  a  level  plateau,  2  miles  from  river,  1  mile  southwest  of 
railroad  bridge  across  Sun  River.  A  is  150  feet  from  edge  of  slojie  on  southeast,  and 
iKX)  fe<*t  northwest  of  an  ohl  road. 

'^'antijer  is  on  L.  B.,  on  s«nithea,st  part  of  plateau,  2  miles  from  river  at  the  town  of 
(  at  Falls,  Mont.  Is  1.50  feet  from  edge  of  ]>lat«uiu.  Land  is  higher  800  feet  wej*t. 
I        eau  is  northwest  from  town  t»f  (ireat  Falls. 

•eat  Falh  is  on  the  K.  B.,  on  west  <'nd  of  a  ]dateau  ridge  2|  miles  east  from  tho 
]  r  opjiosite  the  mouth  of  Sun  River,  live-eighths  of  a  niih'  southeast  of  Rolfe's  house; 
]       *ier  land  800  feet  east  of  station. 

*rth  Great  FalU  in  on  I^.  B.,  on  a  high  plateau,  in  the  town  of  North  Great  Falls, 

i        t'eet  south  of  a  large  wedge-sha])ed  two-story  hotel,  120  feet  west  of  edge  of  bluft". 

5Mry  is  on  R.  B.,  on  a  slight  rise  one-half  of  a  mile  east  of  J.  L.  Henry's  house  and  5^ 

1        6  east  of  the  town  of  Great  Falls,  Mont.     Land  is  higher  in  vicinity  of  Henry's 

]       "6,  and  much  higher  1^  miles  southwest. 

rter  is  on  L.  B.^  on  a  level  plateau,  2^  miles  from  river  at  a  point  8  miles  below 
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town  of  Great  Falls,  2^  milea  southeast  of  Black  Butte,  three-eighths  (»f  a  uiile  sontb- 
east  of  a  frame  house.    A  is  on  highest  land  in  viGinity . 

Bromedy  is  on  B.  B.,  on  a  slight  rise  If  miles  from  riv^  and  the  highest  land 
within  3  miles.  Is  in  N£.  i  of  section  31,  T.  21  N.,  R.  5  £.  Tliere  is  a  groap  of  thm 
houses  three-quarters  of  a  mile  northeast. 

Belt  is  on  R.  B.,  on  north  end  of  a  plateau  ridge,  ahont  13  miles  east  of  Great  FallB, 
Mont.,  2i  miles  from  river,  and  same  distance  west  of  Belt  River;  three-quarters  of 
mile  west  of  a  coulee.    Higher  land  one-half  of  a  mHe  southwest. 

JSarley  is  on  L.  B.,  ahont  14  miles  helow  the  town  of  Great  Falls,  Mont.,  and  H  >nfle« 
from  the  river  at  the  ''Great  Falls.''  Is  on  a  rise  about  300  feet  east  of  a  shanty 
owneil  by  Mr.  Karley,  about  2  miles  east  to  river. 

Portage  is  on  Ti.  B.,  on  a  hill  2^  miles  southeast  of  Portage  section-honae  and  S 
miles  from  river.    Is  the  highest  land  in  vicinity. 

Sidney  is  on  L.  B.,  on  a  slight  rise  on  a  plateau,  1^  miles  west  of  the  Sidney  section- 
house  on  G.  N.  R.  R.  Is  2^  miles  from  river ;  about  one-half  of  a  mile  from,  and  on 
north  side  of,  railroad.    Is  the  highest  land  in  vicinity. 

Shepherd  is  on  R.  B.,  on  *^  Shepherd  Butte,"  3^  miles  frt>m  river,  between  Belt  River 
and  Highwood  Creek,  2^  miles  southwest  of  Shepherd's  ranch,  on  Highwood  Creek. 
A  is  on  highest  part  of  butte,  and  close  to  west  side. 

Highwood  is  on  R.  B.,  on  a  grassy  ridge  about  5  miles  from  river,  3  miles  north  of 
Shepherd's  ranch,  on  Highwood  Creek;  1  mile  north  to  an  old  house;  a  pond  south 
of  house. 

Tunis  is  on  L.  B.,  three-eighths  of  a  mile  southeast  of  railroad  station  Tunis,  about 
7  miles  west  of  Benton,  Mont.,  on  south  end  of  a  ridge  which  is  the  highest  land  in 
vicinity,  about  one-quarter  of  a  mile  south  of  G.  N.  R.  R.  track. 

CkeiTu  is  on  R.  B.,  on  end  of  bluif  ridge  ending  in  Cherry  Coulee ;  is  about  10  miles 
above  Fort  Benton,  Mont.,  and  2  miles  from  river;  about  3^  miles  N.  35°  W. from  the 
"  Nine-Mile  House." 

Section  II. — ^DESCRipnoN  of  permakknt  station-marks,  secondary  trianguia- 

TION  STATIONS,  BETWEEN  FORT  BENTON  AND  TROVER  POINT,   MONTANA. 

[AbbreviatioDB:  A=Seoondsrytrlaiigiilation  station.   B.B.= right  bank.  L.B.=lefbbanlE.  £l.=elef>- 

tion  in  feet.] 

Benton  is  on  the  L.  B.,  on  the  highest  part  of  Benton  Hill,  2  miles  west  frx>m  Fori 
Benton,  and  near  the  Helena  road. 

Teton  is  on  the  L.  B.,  on  a  conspicuous  hill,  1^  miles  north  of  the  Teton  River  and 
opposite  the  race  course. 

tVest  Base  is  on  the  L.  B.,  2  miles  northwest  from  Fort  Benton,  on  a  plateau  be- 
tween the  Teton  and  Missouri  rivers,  near  the  edge  of  a  gentle  slope,  above  the  deep 
bluffs  of  the  Teton  and  about  100  feet  east  of  a  wagon  road.    £1.,  2,878. 

East  Base  is  on  the  L.  B.,  2  miles  north  from  Fort  Benton  and  600  feet  north  of  the 
railroad,  on  the  highest  ground  in  the  vicinity.    El.,  2,893. 

Huh  is  on  the  L.  JB.,  1|  miles  northeast  from  Fort  Benton,  on  a  prominent  ridge;  is 
marked  by  a  gaspipe  driven  into  the  ground. 

Shonkin  is  on  tne  R.  B.,  2  miles  below  Fort  Benton,  on  a  dividing  ridge  between  the 
Shonkin  and  Missouri  rivers.  The  watershed  around  the  station  is  toward  the 
Shonkin. 

Crocon  is  on  the  L.  B.,  on  the  highest  point  below  the  sag,  just  below  it,  in  the 
Crocondunez  Ridge  between  the  Teton  and  Missouri  rivers. 

Hartley  is  on  the  R.  B.,  on  a  ^harp  point  on  the  edge  of  the  bluff,  and  about  2  miles 
from  the  mouth  of  the  Shonkin. 

Tele  is  on  the  L.  B.,  on  a  knoll  between  the  Teton  and  Missouri  rivers,  very  near 
the  telegrapli  line  and  near  where  the  stage  road  to  the  eastward  descends  into  the 
valley  of  the  Teton. 

Brul^i»  on  the  R.  B.,  on  the  highest  part  of  the  bluff,  opposite  the  site  of  old  Fort 
Brul6. 

Marias  is  on  the  L.  B.,  about  1  mile  northwest  of  the  mouth  of  the  Marias,  on  * 
high  grassy  peak. 

Black  Bluff  is  on  the  R.  B.,  on  the  highest  part  of  Black  Bluff,  4  miles  above  te 
Marias. 

Bidge  is  on  the  L.  B.,  on  a  very  high  ridge  about  3  miles  from  the  river.  Therf  ;• 
has  a  cut  face  and  can  be  seen  from  a  long  distance. 

Three  Islands  is  on  the  R.  B.,  on  the  highest  ground  in  the  vicinity  of  Three  Isla    ^ 

Recess  is  on  the  L.  B.,  on  a  very  prominent  bluff  about  1  mile  back  from  the  7  >7 
at  the  head  of  a  picturesque  valley. 

Mound  is  on  the  R.  B.,  on  a  prominent  mound  about  1  mile  from  the  river,  fron  lo 
upper  end  of  a  high,  cut  bluC 

Coal  Banks  is  on  tne  L.  B.,  on  a  plateau  above  the  United  States  Military  Land  ^ 
Coal  Banks,  and  200  feet  south  from  a  knoll,  which  has  a  stone  pile  on  it. 
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Shanke  is  on  the  R.  B.,  on  a  plateau  near  the  edge  of  the  bluff,  2  miles  above  Coal 
Biuika  and  Just  below  the  shai^  bend  in  the  river. 

Old  is  on  the  L.  B.,  on  a  8li(;ht  elevation,  on  an  almost  unbroken  plain,  about  1 
mile  northeast  of  Old  Coal  Banks. 

Iron  is  on  the  R.  B.,  on  the  highest  point  on  the  right  bank  of  a  creek,  and  about 
1  mile  from  the  river. 

Sandy  is  on  the  L.  B.,  on  a  trilobed  hill,  about  3  miles  back  from  the  mouth  of 
Sandy  Creek. 

Burned  is  on  the  L.  B.,  2  miles  southeast  from  Haystack  Butte  and  1  mile  from  the 
liver.    It  is  on  the  soutn  edge  of  a  pit-hole  dug  by  the  wind. 

WhUe  Clif$  is  on  &e  R.  B.,  on  an  elevation  on  a  plateau,  about  1^  miles  from  the 
river.  This  plateau  is  connected  with  another  nearer  the  river  by  a  narrow  di- 
vide. 

Wellman  is  on  the  R.  B.»  li  miles  from  the  river,  on  an  elevation  not  far  from  the 
head  of  the  left  branch  of  the  coulee  in  which  Wellman  Butte  is  situated. 

Ckutle  is  on  the  L.  B.,  one-half  mile  from  the  river,  on  the  highest  ground  back 
from  the  castle-like  rocks  and  dikes. 

Kipps  is  on  the  R.  B.,  on  a  plateau  between  two  branches  of  a  coulee,  about  1^ 
miles  frx>m  the  river,  just  above  Kipps  Rapids. 

mdiadel  is  <m  the  L.  B.,  on  the  hignest  part  of  the  middle  hill  of  three  prominent 
hills,  about  1  mile  from  the  river  at  Citadel  Rock. 

La  Bargt  is  on  the  R.  B.,  on  a  table-land  near  the  edge  of  the  bluff,  about  one-half 
mile  from  the  river  at  a  point  one-half  mile  below  Cathedral  Rock. 

Wall  is  on  the  R.  B.,  about  one  mile  from  the  river,  and  8  miles  below  Hole-in-the- 
wall,  on  the  highest  ^ound  in  the  vicinity. 

Finnacles  is  on  the  L.  B.,  about  \\  miles  back  from  Steamboat  Rock,  on  the  edge 
of  a  high  plateau,  only  one  knob  in  the  vicinity  being  higher  than  the  station. 

BonSeau  is  on  the  R.  B.,  1^  miles  back  from  the  river  at  a  point  one-third  of  a  mile 
below  Pablos  Rapids,  on  the  highest  ground  in  the  vicinity. 

Pahlos  is  on  the  L.  B.,  1^  miles  back  from  Pablos  Rapids  on  the  edge  of  a  plateau, 
the  hi^est  ground  within  1,000  feet. 

Tip  Top  is  on  the  L.  B.,  on  the  highest  ground  yet  occupied  below  Fort  Benton,  and 
ia  opposite  the  mouth  of  Arrow  Rivsr. 

Arrow  is  on  the  R.  B.,  on  the  second  peak  on  a  plateau  just  below  Arrow  River,  on 
the  highest  ground  in  the  vicinity. 

Plateau  is  on  L.  B.,  on  the  edge  of  a  high  plateau  and  about  4  miles  below  A  Tip 
Top. 

Pines  is  on  the  R.  B.^  three-fourths  of  a  mile  from  the  river,  on  a  peak  seen  as  a 
round  knob  from  the  nver,  on  the  highest  ground  in  the  vicinity. 

Valley  is  on  the  L.  B.,  at  the  northeast  end  of  a  ridge  from  the  same  plateau  on 
which  A  Plateau  is  located,  and  overlooks  a  large  valley  to  the  north  and  east. 

Judith  is  on  the  R.  B.,  2  miles  back  from  Judith,  on  a  bluff  of  the  east  bank  of 
Jndith  River. 

Council  is  on  the  L.  B.,  on  a  high  ridge  which  separates  the  big  valley  opposite 
Judith  from  Birch  Creek  VaUey,  just  back  from  some  coulee  heads,  which  are  filled 
with  pine  trees. 

Holmes  is  on  the  R.  B.,  three-fourths  of  a  mile  from  the  river  at  a  point  one-half 
mile  below  Holmes  Island,  on  the  highest  ground  in  the  vicinity. 

Iron  City  is  on  the  L.  B..  on  a  divide  between  Birch  Creek  and  the  Missouri,  one- 
half  mile  back  from  Iron  City  Island. 

Gallatin  is  on  the  R.  B.,  on  a  shelly  mound  about  1^  miles  from  the  the  river  at  a 
point  one-half  mile  below  Gallatin  Rapids  and  Car^^'s  ranch. 

Bear  is  on  the  L.  B.,  opposite  Bear  Kapids,  on  the  highest  ground  in  the  vicinity. 

Bapids  is  on  the  L.  B.,  back  from  Dauphin  Rapids  about  li  miles.  Slightly  higher 
ground  lies  betweMi  it  and  the  river. 

Dauphin  is  on  the  R.  B.,  on  a  peak  on  a  pine  ridge  one-half  mile  from  tlie  river  ai^ 
Jmrt  below  Dauphin  Rapids. 

Lone  Pine  is  on  the  L.  B.,  2  miles  from  the  river  at  a  point  one-half  mile  above  Lone 
Pine  Rapids.    A  natural  rock  mound  marks  the  river  end  of  the  ridge,  and  the 

nation  is  at  the  angle  where  the  ridge  bears  to  the  right  when  going  back  from  the 
river.  ** 

Clwwney  is  on  the  R.  B.^  on  a  very  high  peak,  three-fourths  of  a  mile  from  the 

LYer  at  a  ^oint  one-half  mile  below  the  ruins  of  a  stone  chimney. 

Windsor  is  on  the  L.  B.,  1  mile  back  from  Magpie  Rapids,  on  very  high  ground, 

At  north  of  a  very  broken  hillside. 

Birds  is  on  the  R.  B.,  on  on  elevation  on  a  plateau  about  2  miles  from  the  river  at 

irds  Rapids. 

Sturgeon  is  on  the  L.  B.,  three-fourths  of  a  mile  from  the  river  at  Sturgeon  Islands, 

1  the  river  edge  of  a  plateau. 

^pruoo  is  on  the  R.  B.,  2  miles  from  the  river  from  the  mouth  of  a  large  coulee, 
the  edge  of  a  plateauj  the  higiiest  ground  in  the  vicinity. 
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Snake  Paint  is  on  the  L.  B.,  on  a  bluff  point,  three-foarths  of  a  mile  from  the  river 
irom  the  islands  just  below  Snake  Point. 

Cow  Island  is  on  the  R.  B.,  on  a  high  point,  three-fourths  of  a  mile  from  the  river 
just  below  Cow  Island. 

Lafiding  is  on  the  L.  B.,  1  mile  from  the  river  at  the  bend  jus^  below  Cow  Island. 

Bend  is  on  the  R.  B.,  on  a  high,  conspicuous  peak,  1  mile  from  river  just  below  the 
big  bend. 

Crystal  is  on  the  R.  B.,  on  a  very  high  elevation  on  a  plateau,  If  miles  from  the 
river,  one-third  of  a  mile  above  Crescent  Island,  on  the  highest  ground  yet  occupied. 

Fortress  is  on  the  L.  B.,  on  the  highest  point  of  a  high,  conspicuous,  sandstone 
ridge,  about  1^^  miles  from  the  river. 

Quarter  is  on  the  R.  B.,  about  1^  miles  trom  the  river  at  a  point  one-half  mile  be^ 
low^  Hammond  Island,  on  the  highest  ground  in  the  vicinity. 

(wrand  Island  is  on  the  L.  B.,  tnree-rourths  of  a  mile  from  the  river,  on  the  highest 
ground,  and  conmiands  a  view  of  at  least  5  miles  of  river. 

Calf  Island  is  on  the  R.  B.,  1  mile  from  the  river  at  a  point  one-half  mile  l>elow 
Two  Calf  Island. 

Willou!  is  on  the  L.  B.,  H  miles  from  the  river  at  Two  Calf  Island,  on  a  dividing 
ridge  between  several  coulees. 

Buffalo  is  on  the  L.  B.,  on  a  knob  about  1  mile  from  the  river  at  a  point  1  mile 
above  Armel  Creek,  on  the  highest  ground  in  the  vicinity. 

Armel  is  on  the  R.  B.,  1  mih'.  from  the  river  opposite  Armel  Island,  on  a  prominent 
peak,  the  highest  in  the  vicinity. 

Breeier  is  on  the  R.  B.,  on  the  second  ridge,  about  If  miles  from  the  river  at  a 
point  one  mile  below  Harriot  Island. 

Harriet  is  on  the  L.  B.,  about  1  mile  back  from  the  head  of  Harriet  Island,  on  a 
very  small,  sharp  mound. 

Creek  is  on  the  L.  B.,  on  the  highest  point  on  the  west  side  of  Big  Rocky  Creek, 
1^  miles  from  the  river. 

Bocky  Point  is  on  the  R.  B.,  on  the  summit  of  the  second  ridge,  about  1  mile  from 
the  river,  and  one  mile  above  Rocky  Point. 

Lopp  is  on  the  R.  B.,  on  a  peak  not  in  the  main  ridge,  about  1  mile  from  the  river 
ut  the  sharp  bend  2  miles  by  land  below  Rocky  Point. 

Autumn  is  'on  the  L.  B.,  one-half  mile  from  the  river,  at  a  point  1  mile  below 
Rocky  Point,  on  a  high,  flat  place,  near  the  west  edge  of  the  plateau. 

Carroll  is  on  the  R.  B.,  one-half  mile  from  the  river,  back  from  Carroll,  on  the 
highest  ground  in  the  vicinity. 

liyan  is  on  the  L.  B.,  3  miles  from  the  head  of  Ryan  Island,  three-fourths  of  a  mile 
from  the  river. 

Buan  Island  is  on  the  R.  B.,  on  a  high  ridge,  three-fourths  of  a  mile  from  the  river 
at  the  upper  end  of  Ryan  Island.  A  rock,  3  feet  in  diameter,  is  16  feet  south  of  the 
station. 

Plain  is  on  the  L.  B.,  three-fourths  of  a  mile  from  the  river  at  a  point  three-fourths 
of  a  mile  below  Ryan  Island,  on  the  northwest  point  of  a  plateau. 

^  Sage  is  on  the  R.  B.,  about  li  miles  from  the  river,  on  the  highest  point  in  the  vi- 
cinity. A  very  narrow  ridge  connects  the  station  hill  with  the  lower  hills  to- 
wards the  river. 

Kannuck  is  on  the  L.  B.,  on  the  river  end  of  the  first  ridge  below  Kannnck  Valley, 
and  is  not  on  the  highest  ground.  The  top  of  the  main  ridge  is  back  from  the  sta- 
tion, and  there  is  slightly  higher  ground  between  it  and  the  river. 

Line  is  on  the  R.  B.,  on  an  elevation  on  the  ridge.  If  miles  from  the  river,  on  the 
highest  ground  in  the  vicinity. 

Across  is  on  the  R.  B.,  on  the  highest  point  opposite  Hawley  Bend,  on  the  highest 
ground  in  the  vicinity. 

Havcley  is  on  the  L.  B.,  three-fourths  of  a  mile  north  of  Hawley  Bend,  on  the 
highest  ground  in  the  vicinity. 

Frost  is  on  the  L.  B.,  on  the  divide  between  Hawley  Valley  and  the  Missouri  River, 
1  mile  below  the  telegraph  repair  station. 

Slide  is  on  the  R.  B.,  on  a  prominent  knob,  1\  miles  from  the  river,  on  the  highest 
ground  in  the  vicinity. 

Pike  is  on  the  R.  B.,  on  a  sharp  ridge  (200  feet  in  length).  If  miles  from  the  riv< 

lAike  is  on  the  L.  B.,  on  the  highest  ground  between  the  dry,  alkali  lake  of  Ha 
leys  Basin  and  the  Missouri,  If  miles  from  the  Missouri. 

Cut-off  is  on  the  L.  B.,  three-fourths  of  a  mile  from  the  river  where  it  strongly  ci 
the  left  bank,  on  the  highest  ground  in  the  vicinity. 

Above  is  on  the  L.  B.,  one- third  of  a  mile  from  the  river,  and  8  miles  above  ' 
mouth  of  the  Mussel  Shell  River,  on  the  highest  peak  in  the  vicinity. 

Baid  is  on  the  R.  B.,  on  a  ridge  three-fourths  of  a  mile  from  the  river  at  a  poin 
miles  below  A  Above. 

Covo  Boy  is  on  the  R.  B.,  1  mile  from  the  river  and  4  miles  above  the  Mussel  SL 
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Mussell  Shell  is  on  the  R.  B.,  on  a  prominent  bluff  of  the  Mnssel  Shell,  and  1  mile 
above  its  month. 

Williams  is  on  the  L.  B.,  opposite  the  mouth  of  Sc[uaw  Creek,  and  about  1  mile 
from  Williams'  ranch,  on  the  nif^hest  ground  in  the  vicinity. 

Below  is  on  the  R.  B.,  below  the  month  of  the  Mussel  Shell,  about  8  miles,  near  the 
edge  of  a  small,  rocky  plateau;  three-fourths  of  a  mile  from  the  river. 

Momets  is  on  the  L.  B.,  three-fourths  of  a  mile  back  from  the  head  of  Hornets 
Nest  Island,  on  the  highest  ground  in  the  vicinity. 

Ifest  is  on  the  R.  B.,  on  a  plateau,  ^mile^  from  the  river  at  a  point  Just  below  Hor- 
nets Nest  Island. 

Wilson  is  on  the  L.  B.,  1^  miles  from  the  river,  on  an  elevation  on  a  prominent 
ridge. 

Irack  is  on  the  R.  B.,  1  mile  from  the  river,  on  the  projecting  point  of  a  plateau, 
on  the  highest  point  in  the  vicinity. 

Elk  is  on  the  L.  B.,  1  mile  from  the  river  at  a  point  1  mile  above  Elk  Island.  It 
is  on  a  jirojectingpoint  of  a  plateau,  but  not  on  its  highest  part. 

Ham  is  on  the  K.  B.,  on  the  third  jirominent  elevation,  1^^  miles  from  the  river. 

Forgey  is  on  the  L.  B.,  on  a  low  peak,  between  Fonrchette  Creek  and  the  Mis- 
souri, about  one-half  mile  from  the  river. 

Skction  III. — Description  of  permanent  station-marks,  secondary  triangula- 

TION  stations,  between  TR0\T5R'S  POINT  AND  FORT  BUFORD. 
[Abbreviations:  A  =Se€oiidary  triangulation  etaiion.    B.  B.=Right  bank.    L.  B.=:Loft  bank.] 

West  Base  is  on  L.  B.,  about  one-half  of  a  mile  below  Elk  Island,  on  a  narrow 
bench  between  the  bluff  and  river. 

East  Base  is  on  L.  B.,  9,712  feet  N.  73°  E.  from  A  West  Base,  and  is  about  1  mile 
above  where  Trovers  or  Fonrchette  Creek  comes  out  of  the  bluffs.  It  is  27  feet 
lower  in  elevation  than  ^  West  Base. 

Trover's  is  on  R.  B.,  on  a  low,  dark,  naked  ridge,  and  1  mile  from  Rattle  Snake 
Creek,  and  about  same  distance  from  Trover's  Point. 

Dog  Town  is  on  R.  B.,  4  miles  below  A  Trover,  on  a  very  prominent  ridge,  and 
about  2  miles  from  river. 

Ball's  Bock  is  on  L.  B.,  6  miles  below  Fanchette  Creek,  on  a  high  peak  1  mile  from 
the  river. 

Bock  Peak  is  on  L.  B.,  1  mile  below  Timber  Creek  and  1^ miles  back  from  river,  on 
a  nearly  naked  rock  peak. 

7  Black  Feet  is  on  R.  B.,  about  2  miles  from  river  at  a  point  half  way  between  7 
Black  Feet  Creek  and  Buffalo  Shoals. 

Gibson  is  on  R.  B.,  about  1  mile  from  the  river  from  an  island  2  miles  above  Gib- 
son's ranch  and  about  4  miles  above  Hound  Butte.  Round  Butte  bears  N.  76^  20'  E. 
(true)  from  A- 

3  Canon  is  on  L.  B.,  opposite  Gibson's  ranch,  and  on  third  ridge  from  river.  Bear- 
ing from  A  to  Round  Butte  is  S.  37°  08'  E.  (true),  and  distance  about  5  miles. 

JMtle  Snow  is  on  R.  B.,  3  miles  below  Round  Butte  and  1  mile  from  the  river,  on  a 
rngged  peak.    Round  Butte  bears  N.  81^  22'  W.  (true)  from  A. 

Grizzly  is  on  L.  B.,  about  1^  miles  from  river,  and  on  low  plateau  between  two 
i'oulees,  and  about  2  miles  above  two  cone-shaped  buttes.  Round  Butte  bears  S.  59° 
08'  W.  (true),  and  is  about  6  miles  distant. 

Hell  Creek  is  on  R.  B.,  three-fourths  of  a  mile  from  river  and  1  mile  above  iteU 
Creek,  on  a  prominent  peak. 

Featherland  is  on  R.  B.,  about  2  miles  above  Feathorland  Island  and  1^  miles  from 
river. 

Five  Pines  is  on  L.  B.,  1^  miles  from  river  from  a  point  just  below  Champaign 
Creek.    Five  pine  trees  mark  the  hill  where  A  is  located. 

Norris  is  on  R.  B.,  li  miles  from  river  at  Willow  Island,  which  island  is  1  mile 
below  Flirt  Creek.     A  is  about  H  niiles  above  Norris  ranch. 

Double  Hill  is  on  L.  B.,  on  high  double  hill  and  on  northerly  point.  Line  of  hills 
runs  northwest  and  southeast.  South  side  of  hill,  where  A  is  built,  is  covered  with 
pine. 

iMst  Pine  is  on  R.  B.,  1|  miles  from  river,  on  bluff  near  pine  trees. 

Juniper  is  on  L.  B.,  on  prairie,  easy  rise  of  2  miles  from  river.  Bare  hill  of  nearlv 
3qnal  neight  west  and  across  coulee.  East  side  of  hill  where  A  is,  is  covered  with 
j  nniper. 

Dry  Fork  is  on  R.  B.,  on  high  knoll  about  1  mile  from  river  and  about  1  mile  below 

Iry  Fork  Creek.    Tiger  Butte  bears  N.  29°  44'  W.  (true),  and  is   about  14  miles 

rom  A*    Lion  Butte  bears  from  A  N>  51°  Oo'  E.  (true),  and  is  about  5  nnles  distant. 

Feck  is  on  L.  B.,  on  divide  between  Missouri  and  Milk  rivers,  rolling  prairie 
covered  with  grass,  no  trees  in  sight.*  River  at  nearest  point  is  about  S.  30°  E. 
vaA^.)  from  A.    Tiger  Butte  bears  K.  4°  12'  £.  (true),  and  is  about  9  miles  distant. 
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MilkBiveriaon  R.  B..  throe-fonrths  of  a  mile  from  river,  onhiffheBthillin  vicinity. 
Month  of  Milk  River  lies  K.  15^  £.  (mag.),  and  about  2  miles  matant.  Tlffer  Balto 
bears  N.  56^  53'  W.  (true),  and  is  about  12  miles  from  A.  Lion  Butte  bears  B.  10^  W 
£.  (true),  and  is  about  3  miles  from  A. 

Galpin  is  on  L.  B.,  on  divide  between  Missouri  and  Milk  rivers  and  on  rolling  prai- 
rie. A  is  about  3  miles  from  river.  Lion  Butte  bears  8.  41^^  13'  £.  (true),  and  is 
about  9  miles  distant.  Tiger  Butte  bears  N.  29^  46'  W.  (true),  and  is  about  5  miles 
distant. 

Nassau  is  on  L.  B.,  southwesterly  from  nearest  point  of  Milk  River,  1  mile  distant^ 
and  about  2  miles  above  Junction  of  the  two  rivers.  A  is  on  third  ridge  northerly 
from  a  sheep  ranch.  Kintyre  railroad  station  bears  S.  79^  04'  E.  (true),  and  is  8 
miles  distant  from  A. 

Bone  Bluff  is  on  R.  B.,  1  mile  from  river,  and  on  the  highest  point  of  a  long:  curved 
ridge,  which  terminates  iu  a  low  butte.  Kintyre  railroad  station  bears  N.  12°  07'  £. 
(true),  and  is  about  5i  miles  distant.  Lennox  railroad  tank  bears  N.51^  15'  £. 
(true),  and  is  about  7  milen  distant. 

Kintyre  is  ou  L.  B.,  about  three-fourths  of  a  mile  8. 14°  W.  (mag.),  from  Kintyre 
railroad  station.  A  is  on  rolling  prairie,  about  one-half  of  a  mUe  fr^m  railroad  and 
3  miles  from  Missouri  River.  Wiudmill  at  Lennox  railroad  station  bears  N.  88^,  38' 
£.  (true),  and  is  about  «5i  miles  distant. 

Afnelia  Poe  is  on  R.  B.,  about  3  miles  from  deserted  cabin,  near  river  bank  and 
opposite  the  wreck  of  the  steamer  Amelia  Poe,  Railroad  tank  at  Lennox  is  N.  90° 
50 '  W.  (true),  and  7  miles  distant.  Railroad  station  Oswego  bears  N.  39<^48'  E. 
(true),  and  is  about  7  miles  distant. 

Lennox  \b  on  L.  B.,  ou  a  bluff  threeu-fourths  of  a  mile  east  from  a  creek  and  1^ 
miles  north  from  railroad.  Higher  bluff  west  of  creek  and  northwest  from  ^.  Len- 
nox railroad  tank  bears  S.  63^  27 '  W.  (true),  and  is  about  1  mile  distant. 

Santee  is  ou  L.  B.,  and  about  3|  miles  from  river.  A  i^  on  high  knoll,  behind  which 
is  rolling  prairie.  Oswego  section-house  chimney  bears  8.  86^  54  £.  (true),  and  is 
about  2^  miles  distant. 

Elk  Biver  is  on  R.  B.,  on  narrow  plateau  running  from  west  to  east.  Large  conies 
is  300  feet  south  of  ^^  .  A  about  60  feet  from  top  of  bluff  and  about  1  mile  fh>m 
river.  Oswego  station-house  chimney  bears  N.  57^  15 '  W.  (true),  and  is  abont  6| 
miles  distant. 

Ostvego  is  on  L.  B.,  on  highest  ridge  northeast  from  Oswego  Siding,  and  about  000 
feet  north  from  the  edge  of  bluff.  A  is  near  the  head  of  Lone  Tree  Coulee,  abont 
5  miles  from  the  river.  Oswego  station-house  chimney  bears  8.  44°  52 '  W.  (tme), 
and  is  about  li  miles  from  A* 

Hopkins  is  on  R.  B.,  on  a  knoll  1  mile  from  river  from  a  point  3  miles  above  Wolf 
Point.    The  agency  bears  N.  00^  29 '  £.  (tme),  and  is  about  3  miles  distant. 

Wolf  Point  is  on  L.  B.,  on  westerly  bluff  of  Wolf  Creek,  about  one-fourth  of  a 
mile  from  creek  and  4  miles  from  river.  Oswego  railroad  station  bears  8.  07^  26' 
W.  (true)^  and  is  about  9  miles  distant. 

Macon  is  on  L.  B.,  on  rolling  prairie,  about  li  miles  back  from  edge  of  blnflb. 
Ground  gradually  rises  back  of  A.  Coulee  1  mile  west  of  A;  also,  one  2  miles  east. 
Windmill  at  Chelsea  Siding  bears  8.  85°  40^  £.  (true). 

Spread  Eagle  is  ou  R.  B.,  on  high  plateau  about  40  acres  in  area.  This  platean 
extends  southeast  from  A  1,000  feet,  and  the  distance  from  A  north  to  steep  bluff  is 
90  feet. 

Poplar  is  on  L.  B.,  about  3  miles  from  river  and  1  mile  west  from  Poplar  River  on 
an  elongated  hill  and  1^  mile  back  from  southerly  edge  of  bluff. 

Redwater  is  on  R.  B.,  about  2^  miles  from  River,  on  a  ridge  running  east  and 
west.  Ridge  terminates  at  Red  Water  Creek  west  of  A.  Windmill  at  CheLaea  8iding 
bears  N.  55^  04'  W.  (true),  and  is  5  miles  distant. 

Deer  Tail  is  on  L.  B.,  about  500  feet  back  from  edge  of  bluff  and  nearly  north  from 
Deer  Tail  Indian  town  on  river.  A  deep  coulee  lies  about  one-half  of  a  mile  west  of 
A.    Storehouse  at  Poplar  bears  8.  78^  22'  W.  (true),  and  is  about  6  miles  distant. 

Mortar  Stone  is  on  R.  B.,  on  high  tableland  about  2  miles  from  river  at  nearest 
point,  and  2  miles  above  Mortar  Stone  Bluffs.  Railroad  tank  bears  N.  17^  31'  £  (trae)^ 
n'om  A. 

Box  Elder  is  on  L.  B.,  below  Box  Elder  Creek,  on  second  high  ridge  back  frx>m  rivei 
on  prominent  point  with  deep  coulees  on  east  and  west  sides  of  A-    A  ^  about 
miles  from  river. 

Devils  Elbmc  is  on  R.  B.,  about  1  mile  from  river  at  Devils  Elbow,  oniiighest  hiUi 
the  vicinity.  The  hill  where  A  is  built  is  connected  with  anotner  hill  almost  s 
high  by  a  narrow  ridge  south  of  A- 

Big  Muddy  is  on  L.  B.,  about  3i  miles  from  mouth  of  the  Big  Muddy  River.     A 
on  rolling  prairie  interspersed  with  deep  coulees.      Bluffs  extend  to  within  threi 
fourths  of  a  mile  from  river,  and  the  coal  vein  between  A  and  river  is  on  fire,    Lanai 
raUroad  station  bears  8.  81^  05'  E.  (true),  and  is  about  9  miles  distant* 
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Bouldm"  is  on  B.  B.,  on  Terr  bigh  hilly  which  fonnB  a  part  of  the  divide  between  a 
large  creek  and  a  large  coulee.  Bailroad  tank  at  Big  Mnddv  bean  S.  74^  SCK  W. 
(mag.)  from  A*  There  is  a  large  bowlder  on  top  of  hill  90  feet  from  A*  Tank  at  Cnl- 
bertaon  bean  N.  8^  06'  E.  (true),  and  is  about  4^  miles  distant. 

Bif  Bom  is  on  L.  B.,  2^  miles  northwest  from  Big  Horn  Bluffs  on  river.  Top  of 
hill  18  about  200  feet  long  and  40  feet  wide,  running  east  and  west  nearly.  Lanark 
railroad  station  bean  N.  33^  27'  E.  (true),  about  3  miles  distant. 

St.  Ange  ib  on  B.  B.,  about  H  miles  from  river.  A  is  situated  on  Fort  Buford  Mili- 
tary reservation  near  western  line.  Waterworks  tank  at  Buford  bean  S.  76^  43'  £. 
(true)y  and  is  about  15  miles  distant. 

LanarJe  is  on  L.  B.,  4^  miles  from  river.  A  is  on  high  conical  butte,  north  of  which 
is  a  coulee  running  easterl;]^  to  Little  Muddy  Biver.  On  south  side  of  butte  is  a  large 
overhanging  rock  making  it  conspicuous  from  the  west. 

Cui  Of  is  on  B.  B.,  on  oblong-snaped  hiU.  which  projects  further  toward  the  river 
than  any  other  in  the  vicinity,  and  is  about  1^  miles  from  the  river.  Bailroad  tank 
near  Buford  bean  N.  85^  59^  E.  (true),  and  is  about  5^  miles  distant  from  A* 

JtecnOK  IV. — DBSCKIFTION  of    PRBMAXKNT   STATlOX-MARKSy  8ECONBABY  TRIANGU- 
lATION  STATIOKB^  BETWEEN  FORT  BUFORD  AND  BISMARCK. 

[Abbceristloiia:   A=S600]idsry  triugiilfttioii  atatioii.    K.  B.==Biglit  iMuik.    L.  B.=Left  bank.    Bl.s= 

Elevation  in  feet.] 

JSIsvoKoM  dspeiki  t^poa  jmftZifA^  roilroad  data,  the  track  at  Buford  railroad  station  being 

taken  as  1,960  above  sea  leteU 

Ferry  is  on  B.  B.;  on  a  knoll  If  miles  from  the  river  and  1^  miles  west  from  ferry 
and  telegraph  lines,  and  about  3  miles  west  from  the  mouth  of  the  Yellowstone 
Biver.    fil.^  2,181. 

M<mtana  is  on  L.  B.,  on  edge  of  high  bluff  northwest  of  railraad  tank  (west  of  Fort 
Boford,  N.  Dak.),  ana  about  1^  miles  from  tanl^    £1.  sot  observed. 

West  Base  is  Just  east  of  road  from  Buford  rauroad  station  to  the  fort  grounds  and 
about  one-fourth  of  a  mile  S.  36^  W.  from  the  railroad  station.  £1.,  1,932.37. 

.Sast  Bom  is  2  miles  N.83^  £.  from  West  Base.  A  12- foot  timber  station  tempo- 
rarily marks  its  location.    £1.,  1,917.40. 

Buford  is  on  L.  B.,  on  high  butte  northeast  from  Fort  Buford,  K.  Dak.,  called 
Mackenzies  Butte,  and  about  4  miles  from  the  fort.    £1.  not  observed. 

Glass  Bluff  IB  on  B.'B.,  on  the  first  cut  bluff  of  the  river,  about  4  miles  below  Fort 
Buford  on  **  Glass  Bluffs.''    £1.,  2,096. 

Trenton  is  on  L.  B.,  on  high  prominent  bluff,  coming  almost  to  railroad  track, 
about  3  miles  west  from  Trenton  section-house,  which  bears  N.  15°  £.  from  A.  £1. 
not  observed. 

Beservixtian  is  on  B.  B.,  on  cut  bluff  about  3*miles  west  from  eastern  line  of  Fort 
Buford  reservation.    El.,  2,128. 

Jones  Cut  is  on  L.  B.,  on  rolling  prairie,  about  one-half  of  a  mile  back  of  Jones 
Cnt,  which  is  4  miles  west  from  Williston,  N.  Dak.    El.  not  observed. 

ScotiiB  on  H.  B.,  on  high  plateau,  about  5  miles  sonth  of  Williston  and  three- 
fourths  of  a  mile  from  edge  of  bluffs.  Station  is  on  highest  ground  in  the  vicinity. 
E1^2,104. 

JrUHston  is  on  L.  B.,  on  low  hill  2  miles  northeast  from  Williston,  N.  Dak.,  and  one- 
fourth  of  a  mile  east  of  Little  Muddy  Creek,  at  a  sharp  bend,  this  being  the  only  bend 
of  any  size  within  sight  of  A.  Bailroad  bridge  over  Little  Muddy  is  two-thirds  of  a 
mile  southwest.    £1.  not  observed. 

emeries  is  on  B.  B.,  on  outer  edge  of  second  cut  bluff,  about  9  miles  below  Williston. 
E1^2,163. 

JBhorst  is  on  L.  B.,  two-thirds  of  a  mile  northeast  from  Ehorst's  ranch.  A  trail 
leads  from  ranch  up  the  coulee  to  northeast  and  passes  near  A,  which  is  on  a  small 
knoll  about  300  yards  from  edge  of  bluff.    £1.  not  observed. 

Lagoon  is  on  B.  B.,  on  edee  of  bluffs  and  near  lake  in  old  river  bed.  There  are  deep 
c^^lees  both  above  and  below  A*    Fl.,  2,037. 

\ad  Lands  is  on  L.  B.,  nearly  at  edge  of  bluff,  on  high  ridge  about  2^  miles  back 
I  n  river.  Bidge  runs  southeast,  nearly,  to  cut  bluff  at  river.  About  1  mile  to 
I     theast  are  apparently  hifi^her  bluffs.    £1.,  2,259. 

lum  is  on  B.  B.,  on  middle  one  of  three  very  high  hills  and  about  2^  miles  from 
c  ,e  of  the  out  bluff,  which  bluff  is  about  3  miles  above  Dan  Harris  ranch.  To 
I  ich  A>  S^  up  deep  ravine,  and  bear  up  to  the  left  following  a  branch  coulee.  £1., 
S     7. 

Tarris  is  on  L.  B.,  on  high  ground  at  head  of  coulee  northeast  from  Harris  ranch. 
{  thwest  from  A  is  an  isolated  bluff,  and  a  little  east  from  this  bluff,  but  still 
s  ihwest  from  A,  is  a  round-topped  bluff  with  a  small  conical  butte  on  its  westerly 
c     ^emity.    £1.,  2,370. 
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Fire  Hill  is  on  R.  B.,  on  hifj^heat  hhifF  in  viciuity,  and  about  2  miles  from  the  river 
at  a  point  which  is  2  miles  above  Gariieu  Creek  much.     El.,  2,320. 

ye4^80H  is  on  L.  B.,  about  2  miles  northeiist  from  Frenchmau's  ranch  and  4  miles 
northwest  from  Nesson  post-office.  A  it*  about  50  feet  from  wagon  road  from  rancl)  t« 
Nesson.    El.,  2,376. 

Tobacco  is  on  R.  B.,  1  mile  from  river,  on  hi^heHt  part  of  plateau,  and  2milecialM)v« 
the  head  of  Bear  Island.     El.,  2,143 

Gnnnell  is  ^n  L.  B..  on  westerly  of  two  hijjh  blnflTs  back  from  Grinneirs  ranch.    * 
on  highest  part  of  bluff,  and  about  3|  miles  from  river.     At  foot  of  bluff  are  several 
small  iH<»]ated  hills,  and  to  the  northwest  and  north  are  two  larger  and  hijirher  iso- 
lated hills.     El.,  2,2&i. 

Sirawberry  is  on  L.  B.,  on  same  line  of  bluffs  as  /^.  Grinuell  and  about  3  miles  east. 
It  is  near  edge  of  high  bluff*  bank.  About  tmc-fourth  of  a  mile  wH\st  of  A  ^  a  small 
Ba4ldle,  and  just  east  is  a  de«Mi  coulee  running  into  bluff.     El.,  2,322. 

Lone  Butte  is  on  R.  B.,  on  highest  part  of  i»n»iuiueut  butte,  3  miles  from  river,  ami 
about  2  miles  above  the  head  of  Strawberry  Island.     El.,  2,444. 

Elk  Horn  is  on  R.  B.,  Ij-  miles  from  cut  bluff  of  river  and  opposite  the  moutli  of 
White  Earth  River.     El.,  2,156. 

Wkiti'  Earth  is  on  h.  B.,  <»u  high  knoll  (the  nearest  to  river),  alwrnt  il  mih*s  from 
river  and  3  miles  from  f<>rd  of  White  Earth  River  at  a  cut  bank  and  near  Hall's  raiicli 
and  store.  A  trail  leaves  the  road  here,  gc»ing  over  ridge  to  next  valley,  then  up  ft 
spur  on  east  side  of  valley.  Ford  of  White  Earth  River  bears  about  S.  30"^'  W.  from 
A.     El.,  2,311.         • 

^^  Crow  Flies  High  ''  is  on  R.  B.,  on  highest  part  of  a  plateau,  a1>out  H  niiles  from 
the  cut  bluff  of  the  river  and  4  miles  above  the  camp  of  **Crow  Flies  High."  El.. 
2,148. 

Stony  Hill  is  on  L.  B.,  on  knoll  about  IJ  miles  back  from  river.  Several  piles  of 
stone  are  neiir  by  station,  and  a  deep  coulee  running  to  Knife  River  is  about  1  milt* 
east.  About  2  miles  bark  from  /^  are  high  bluffs.  It  is  opposite  village  o'f  Chirf 
"Crow  Flies  High."    EL,  2,240. 

Kvife  River  is  on  L.  B.,  one-half  mile  from  river,  just  below  first  bend  below  Chief 
"Crow  Flies  High's"  village.  N.  of  E.  fr<mi  ;i,  are  two  large  rocks,  30  feet  distant. 
One  hundred  yards  north  of  ^  is  tf  coulee  running  to  river.  A  is  100  yards  back 
from  point  of  bluff.     EL,  2,146. 

Oak  Ridge  is  on  R.  B.,  on  a  point  immediately  above  an  oak  grove,  and  ia  abont 
midway  between  the  prominent  tlat-topi>c<l  butte  and  the  river.     EL,  2,349. 

Saddle  Mountain  is  on  R.  B.,  at  the  t*u«l  of  down-river  branclkridgeof  same  plat«in 
as  Oak  Ridge  A  is  t>n»  "iid  f>^  highest  part  of  steep  wooded  bluff'.  ^  is  about  1  uiili* 
from  river.    EL,  2,304. 

Indian  Creiik  is  on  R.  B.,  about  2  miles  back  from  river  on  a  small  tableland,  ju"*! 
beyond  a  very  narrow  place  in  ridge;  abont  3  miles  below  Indian  Crdek.     EL,  2,223* 

Second  Ridge  is  on  L.  B.,  on  ridge  very  prominent,  about  4  miles  from  nearest  point 
of  river.  Rolling  prairie  all  around.  Coulee  toeajit  of  '1\  runs  toward  the  *' Slide." 
EL,  2,256. 

Manenry  is  on  R.  B.,  on  highest  part  of  a  long  ridge  running  east  and  wtvst,  aial 
is  1^  miles  from  river  and  about  2  miles  above  a  cn/ek  o]>posite  old  Fort  Mancury. 
XiL,  2,30«7. 

Independence  is  on  R.  B.,  on  middle  one  of  three  ctuie-sliaped  bnttej<,  and  about  4 
miles  from  river  at  Independence — an  Indian  village.     KL,  2,ii05. 

Slide  is  on  L.  B.,  on  high,  steej)  bluff' called  the  'SSlide."  Wagon  road  along  tin- 
foot  of  bluff*.     A  is  on  e<lge  of  bluff"  about  oiu»-fourth  of  a  mile  from  river.     EL,  2,(15**. 

Little  Missouri  is  cm  R.  B.,  on  low,  rolling  prairie,  1^  miles  from  river  and  im- 
mediately above  Little  Missotiri  River.  A  i»  about  400  feet  north  of  bend  in  rids:'' 
road.     E'L,  1,990. 

Mission  is  on  L.  B.,  on  a  knoll  2  miles  back  from  river  and  about  5  miles  north  of 
west  from  Indian  Mission,  Jind  nearly  opjiosite  the  mouth  of  Little  Mi.ssouri  River. 
Wagon  roa<l  in  coulee  southwest  from  A»  ^ind  an  Indian  ranch  near  river.  A  i"*  •"• 
highest  knoll.     EL,  2,102. 

JJoumis  on  R.  B.,  on  higher  of  two  small  plateaus,  three-fourths  of  a  mile  from 
the  river,  and  about  2  miles  above  where  river  leaves  the  liluffs.     EL,  2,097. 

Scoria  is  on  L,  B.,  on  highest  point  of  bluff,  at  edge  of  rolling  prairie.  About  <"- 
fourth  of  a  mile  back  from  A  •**  *i  wagon  road  and  tt»legnvph  line  to  Berthold;  '^^ 
yards  southeast  is  a  high  and  rugged  isolatAMl  bluff.  A  is  about  11  miles  west  1  '» 
Berthold.     EL,  2,078. 

Cairn  is  on  R.  B.,  and  lies  about  S.  85'^  W\  (true),  11.42  miles  distant  from  '  rt 
Berthold,     EL,  2,215. 

Jierthold  is  on  L.  B.,  on  first  ridge  north  of  and  4  miles  from  Old  Fort  Berthold  A 
low,  but  prominent,  conical  butte  is  just  east  of  a  direct  line  from  A  to  the  In  «■> 
school  builditig.     The  agency  bears  E.  of  S.  from  A-     E^-»  1.985. 

(ruide  Meridian  is  on  R.  B.^  on  ox)en  prairie,  1^  miles  from  river,  and  30  feet  n<    U- 
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west  from  a  dirt  monument  of  the  twelfth  guide  meridian.    A  is  about  2  miles 
southeast  from  Fort  Berthold.    £1.,  1,921. 

Chippewa  is  on  L.  B.,  at  .Chippewa  Point,  about  5  miles  below  Berthold  Agency. 
A  ifl  on  a  spur  running  out  from  level  prairie.  Connected  with  this  spur  and  south 
of  Ay  hy  a  deep  saddle,  is  a  bluff  hill  nearly  as  high.  A  is  about  three-fourths  of 
a  mile  from  the  river.    El.,  2,002. 

Cook  is  on  R.  B.,  1^  miles  south  from  Cook's  ranch,  on  prominent  hill  near  edge  of 
bluife.    EL,  1,978. 

EtHanuel  is  on  R.  B.,  about  1^  miles  above  Emanuel  Creek,  on  rolling  prairie,  and 
is  about  one-half  mile  northwest  from  a  noticeable  bowlder  rock,  ana  1  mile  from 
river.    El.,  1,958. 

Stevenson  is  on  L.  B.,  northeast  from  Fort  Stevenson  and  about  2^  miles  frt>m  the 
fort;  is  on  a  high  ridee  on  west  side  near  coulee.  South  of  A  is  a  square  bluff,  and 
east  of  that  some  sm^l  red  hills.    £1.,  1,945. 

Winahw  is  on  R.  B.,  on  a  rolling  prairie.  If  mUes  from  river  and  west  from  the 
Winslow  ranch.  A  is  about  1,500  feet  southeasterly  from  a  mound  marking  the 
northeast  comer  of  sec.  15,  T.  147  N.,  R.  85  W.    El.,  2,046. 

JMnnson  is  on  L.  B.,  about  2  miles  northwest  of  the  town  of  Coal  Harbor,  N.  Dak. 
A  is  100  feet  from  edge  of  bluff,  and,  between  bluff  and  river,  the  coal  vein  is  on  fire. 
Bluff  is  very  broken.    El.,  1,9^. 

Coal  Haroor  is  on  L.  B.,  about  1  mile  south  of  the  town  of  Coal  Harbor,  on  high 
knoll,  on  ground  set  apart  for  cemetery  for  above  town.    El.,  1,984. 

Hancock  is  on  R.  B.,  about  three-fourths  of  a  mile  from  the  river  on  highest  part 
of  plateau,  and  one-half  mile  northeasterly  from  mound  which  marks  the  comer  of 
townships  146  and  147  N.,  and  ranges  84  and  85  W.    £1.,  1,960. 

Sundgniet  is  on  L.  B.,  about  150  yards  nearly  due  west  from  Sundguist's  ranch,  on 
knoll,  and  nearly  opposite  town  of  Stanton.    El.,  2,040. 

Hoffman  is  on  R.  B.,  2f  miles  southwesterly  from  court-house  at  Stanton,  and  is 
west  of  Big  Knife  River,  on  comparatively  low  ground.    El.  not  observed. 

Stanton  is  on  R.  B.,  If  miles  from  river  and  3  miles  south  of  Stanton,  and'is  below 
Big  Knife  River,  on  highest  part  of  a  prominent  hill.    EL,  2,090. 

Sioenshern  is  on  L.  B.,  on  knoll  400  yards  east  of  Swenshem's  ranch.    EL,  2,009. 

Mandan  Lake  is  on  R.  B.,  about  2f  miles  from  river,  on  the  highest  hill  in  sec.  36, 
T.  144  N.,  R.  83  W.    EL,  1,900. 

Washburn  is  on  L.  B.,  in  SW.  i  of  sec.  7,  T.  144  N.,  R.  81  W.;  is  20  feet  north  ot 
east-and-west  line,  between  sees.  7  and  18,  T.  144  N.,  R.  81  W.,  and  400  feet  west  of 
quarter-section  corner  on  said  line ;  is  about  2|  miles  from  the  town  of  Washburn, 
McLean  County,  N.  Dak.    EL,  1,908. 

Ranch  is  on  R.  B.,  about  3  miles  west  of  river  at  Painted  Woods,  on  extreme  south 
end  of  a  ridge.    A  overlooks  a  ranch  to  the  south.    EL,  1,946. 

Iverson  is  on  L.  B.,  on  higli  bluff  one-fourth  of  a  mile  southeast  of  Charles  K.  Iver- 
son's  ranch.    This  ranch  is  on  the  N  W.  i  of  sec.  6,  T.  142  N.,  R.  80  W.    EL,  2,123. 

Square  Butte  is  on  R.  B.,  on  highest  point  of  the  south  butte  of  the  group  called 
"  The  Square  Buttes."    EL,  2,041. 

Wogan  is  on  L.  B.,  on  a  high  ridge  east-southeast  of  Wogansport,  and  about  3  miles 

;  distant.     A  is  in  SW.  i  of  sec.  21,  T.  141  N..  R.  80  W.,  and  150  yards  north-northwest 

of  quarter-section  comer,  between  sees.  21  and  28.     Telegraph  line  Washburn  to 

Bismarck  is  one-half  mile  east  of  A*    High  bnttes  on  R.  B.  in  direction  of  Wogansport. 

EL,  2,124. 

Harmon  is  on  R.  B.,  three-fourths  of  a  mile  northerly  from  Harmon's  ranch,  which 
is  situated  at  the  edge  of  bluffs  on  Square  Butte  Creek.    EL,  1,942. 

Sperry  is  on  L.  B.,  on  round  butte  between  two  higher  ridges,  and  2  miles  from  the 
river.  Main  wagon  road  passes  at  foot  of  bluffs  near  river,  but  a  road  crosses  ridge 
100  yards  south  of  A-  Ranch  in  coulee  two-thirds  of  a  mile  northwest  of  Ay  &nd  also 
ranch  1  mile  southeast.     EL,  1,979. 

Mandan  is  on  R.  B.,  3  miles  northwesterly  from  Mandan  and  near  wagon  road  run- 
ning from  there.  It  is  the  most  prominent  hill  in  the  vicinity,  which  hill  is  a  spur 
running  out  towards  a  flat- topped  hill  300  feet  towards  the  river.  Hill  can  be  seen 
'^om  any  direction  for  many  miles.    There  is  a  rolling  plateau  towards  the  river. 

L,  1,999. 

Marysrille  is  on  L.  B.,  on  mound-shaped  hill,  about  4  miles  northwest  from  Biunarck, 

.  Dak.    On  higher  ground  one-fourth  of  a  mile  east  is  the  Washburn-Bismarck 

)ad.    EL,  1,956. 

ECTION  V. — DkSCRIPTION  OF  PERMANENT  STATION-MARKS,   SECONDARY  TRIANGULA- 
TION  STATIONS,  FROM  BISMARCK,  NORTH  DAKOTA,  TO  PIERRE,  SOUTH  DAKOTA. 

[ Abbreviaticma :  A  —Seoondaxy  triangulation  station.  B.  B.=:Bight  bank.  L.  B.— T>ft  bonk.] 

Bismarck  is  on  L.  B.,  on  northeast  bend  of  a  plateau  about  2  miles  northeast  from 
imarck,  N.  Dak.,  and  about  li  miles  west  of  north  from  the  penitentiary,  2,500 
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feet  northeast  of  Catholic  cemetery,  on  the  hip^hest  |?round  in  vicinity.  /^  la  80  feet 
back  A^medge  of  bluff  looking  towarcln  Burnt  Creek  and  60  feet  northwest  from 
a  granite  bowlder,  10  by  12  leet,  which  is  partially  buried. 

Lincoln  is  on  R.  B.,  oil  the  highest  point  of  the  blufi',  just  north  of  Fort  Lincoln, 
and  1,300  feet  from  the  mouth  of  Big  Hart  River. 

North  Base  is  on  L.  B.,  in  the  bottom,  580  feet  south  Af  the  N.  P.  R.  R.  at  a  point 
1,101  feet  west  ftom  the  first  trestle  west  of  Bismarck  depot. 

South  Base  is  on  L.  B.,  16,650  feet  S.  18*^  £.  from  A  North  Base,  on  a  somewhat 
prominent  knoll  in  bottom. 

Little  Hart  is  on  R.  B.,  three-fourths  of  a  mile  from  river,  about  one-half  mile  west 
from  Riverside  ranch,  on  the  east  end  of  the  most  promintnit  hill  in  the  vicinity. 

Kayhall  is  on  L.  B.,  on  crest  of  a  monnd-shaped  hili,  about  8  miles  southeast  of 
Bismarck,  3i  miles  from  river,  on  land  belonging  to  Mr.  Kayhall,  and  750  feet  from 
bis  house. 

Biverside  is  on  R.  B.,  2|  miles  from  river,  on  a  high  plateau,  near  north  edge  of  hill. 
A  wagon  road  one-half  mile  west  of  A. 

Glencoe  is  on  L.  B.,  on  a  small,  rocky  tableland  on  a  range  of  verjr  high  hills,  2^ 
miles  southeavSt  of  (ileucoe  post-office,  and  about  3  miles  fiom  the  river.  There  is 
higher  land  three-fourths  mile  nearly  south  of  A* 

Fort  Jiice  is  on  R.  B.,  about  H  miles  southwest  of  the  site  of  old  Fort  Rice.  As  seen 
from  first  bluff  at  mouth  of  Fort  Rice  Creek,  it  is  a  square-topped  hill  and  highest 
land  in  sight.    The  A  i8  on  west  end  of  an  eaat-and-west  ridge. 

Molntyre  is  on  L.  B.,  on  a  high  bluff,  3  miles  northeast  from  the  mouth  of  Long 
Lake  Creek,  and  one-half  mile  south  of  the  creek.  There  is  higher  land  one-fourth 
mile  southeast.     The  A  is  nearly  east  from  the  site  of  old  Fort  Rice. 

Cannon  Ball  is  on  R.  B.,  about  3  miles  from  the  mouth  of,  and  on  R.  B.  of,  the  Can- 
non Ball  River.  A  is  about  1  mile  back  from  the  **  Twin  Buttes,''  on  the  highest  land 
in  the  vicinity. 

Gnyton  is  on  L.  B.,  on  a  long,  narrow,  detached  ridge,  about  2  miles  northeast  fmin 
Gavton's  Landing,  and  4  miles  southeast  from  mouth  of  Cannon  Ball  River.  The 
A  is  20  feet  from  edge  of  bluff,  and  200  feet  southwest  from  highest  part  of  ridge. 
There  is  higher  land  three-fourths  mile  north. 

Givens  is  on  R.  B.,  on  first  ridge  of  hills,  about  1^  miles  up  Cannon  Ball  trail  frooi 
Government  srhoolhouse,  Mrs.  Van  8oleu,  teacher:  is  a  long,  level-topped  hill,  with 
a  mound  3  feet  high  and  100  feet  wide  at  base.  Tnere  is  a  round,  grassy-topped  hill 
north. 

Bearer  Creek  is  <m  L.  B.,  2^  miles  from  river.  It  is  in  the  SW.  ^,  sec.  32,  T.  133  N., 
R.  78  \V.,  and  is  64  feet  east  aiid  817  feet  north  from  southwest  corner  of  said  section. 
The  soutli  line  of  section  32  is  the  seventh  "Standard  Parallel." 

Van  Solen  is  on  R.  B.,  on  a  small,  mound-sha])ed  hill  in  a  gentle  rolling  prairie  2^ 
miles  back  from  river,  one-fourth  of  a  mile  south  of  a  ravine  running  to  river,  three- 
fourths  of  a  mile  east  from  telegraph  line  to  Fort  Yates.  The  A  i*  not  on  a  promi- 
nent hill. 

Little  Beaver  is  on  L.  B.,  on  eartt  end  of  a  well-defined  ridge,  about  2  miles  from 
river,  and  three-fourths  of  a  mile  south  from  Little  Beaver  Creek,  8  miles  by  river 
above  Winona,  N.  Dak.  * 

Battle  Creek  is  on  R.  B.,  on  a  detached  hill,  one-half  mile  south  from  Battle  Creek, 
and  one-half  mile  from  river,  20  feet  from  edge  of  bluft'. 

Ca//tearf  iH  on  L.  B.,  on  a  high  butte  in  center  of  a  prairie,  about  4  miles  from 
Winona  and  3J^  miles  from  river.     The  A  is  in  NE.  corner,  sec.  3,  T.  130  N.,  R.  79  W. 

Fort  Yates  is  on  R.  B..  on  a  fiat-topped  hill,  one-half  mile  northwest  from  Fort 
Yates,  ahout  500  feet  south  from  the  highest  part  of  the  hill. 

Winona  is  on  L.  B.,  4  miles  southeast  from  the  town  of  Winona,  N.  Dak.,  and  24 
miles  from  the  river  at  nearest  point.  The  A  is  on  crest  of  the  highest  land  in  the 
vicinity. 

fire  Heart  is  on  R.  B.,  on  Fire  Heart  Butte,  about  2  miles  from  river  and  6^  miles 
below  Fort  Yates.  It  is  (m  the  highest  of  a  cluster  of  hills  in  that  vicinity,  and  the 
nearest  to  river. 

McRay  is  on  L.  B.,  2  miles  from  river,  about  400  feet  east  from  the  southwest  end  of 
a  verv  high  ridge.  There  is  a  small  tip  400  feet  west  that  is  higher  than  A  The  A 
is  probably  in  SE.  i  sec.  1,  T.  129  N.,  R.  79  W. 

Martin  is  on  R.  B.,  2^  miles  from  river,  on  east  side  of  a  spur  which  forms  a  divide 
between  two  creeks.  The  A  is  about  4  miles  northwest  from  *'  St.  Benedict"  Indian 
mission. 

Doerschlag  is  on  L.  B.,  2\  miles  from  river,  one-half  mile  east  fh>m  Louis  Doersclilags 
house.  It  is  on  second  bench  of  land  above  the  river  bottom.  The  A  is  one-half 
mile  southwest  from  a  very  high,  prominent  butte. 

St,  Benedict  is  on  R.  B.,  on  extreme  northeast  point  of  a  very  high  ridge,  b\  miles 
southwest  from  St.  Benedict  Mission.  A  flat  stone  found  on  hill  was  used  tQ  Qiork  A 
instead  of  the  regulation  stone. 
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Xa  Grace  is  on  L.  B.,  on  west  end  of  a  very  hi<;h  ridge,  2^  miles  north  from  the 
town  of  La  Grace.    The  A  is  on  a  small,  rocky  mound,  72  feet  from  edge  of  bluff. 

Box  Elder  is  on  R.  B.,  on  a  large  rolling  plateau,  2  miles  from  river  and  near  edge 
of  bluff;  on  divide  next  south  from  Box  Elder  Creek. 

Kirkland  is  on  L.  B.,  on  a  very  high  ridge  which  is  bluff  to  west,  and  45  feet  south 
from  a  well-traveled  road.  There  is  higher  land  near  edge  of  bluff  one-half  mile 
northwest:  also  one-half  mile  southeast.  The  A  is  in  SW.  i  sec.  33,  T.  127  N.,  R. 
78  W. 

Blume  is  on  R.  B.,  on  a  definite  hill,  1  mile  southwest  from  a  group  of  lower  hills 
on  the  low  plateau  opposite  Campbell  post-oftice  and  2^  miles  from  river. 

Campbell  is  on  L.  B.,  about  4  miles  from  river  at  Campbell  post-office.  The  A  is  on 
Johnny  Johnson's  claim  and  200  feet  northwest  from  his  sod  house.  The  house  is  on 
line  between  A  ^i^d  quarter  corner,  on  south  side  of  sec.  35,  T.  126  N..  R.  78  W.  The 
A  18,2,035  feet  above  corner,  and  is  in  NE.  i  8W.  ^  sec.  35. 

Ashley  is  on  R.  B.,  on  south  end  of  a  ridge,  just  back  of  the  head  of  Ashley  Island. 

Eoih  is  on  L.  B.,  on  a  definite  mound-shaped  hill  on  plateau,  about  H  miles  south- 
west from  John  Roth's  sod  hoime.  The  A  is  (from  best  information  at  hand)  near  the 
center  of  sec.  36,  T.  125  N.,  R.  79  W. 

Grand  River  is  on  R.  B.,  on  a  slight  elevation  of  general  plateau,  first  high  part  of 
plateau,  about  1  mile  below  the  mouth  of  (irand  River. 

Aske  IS  on  L.  B.,  on  crest  of  a  round-topped  hill,  about  5  mileS  east  from  the  mouth 
of  Grand  Riveir  and  500  feet  east  from  a  surveyed  road.  The  A  is  probably  in  the 
SE.  i  of  NW.  i  sec.  15,  T.  124  N.,  R.  79  W. 

Blue  Blanket  is  on  R.  B.,  on  a  fiat-topped  hill,  opposite  head  of  Blue  Blanket 
Tsland  and  1|  miles  back.     Is  on  highest  land  in  vicinity. 

Fox  Island  is  on  L.  B.,  on  a  projecting  point  of  a  range  of  hills,  about  2|  miles 
noith  from' Fox  Island.  The  hill  is  the  most  prominent  as  seen  from  river,  but  there 
is  higher  land  one-half  mile  east,  llie  A  is  about  three- fourths  of  a  mile  east  from 
Bine  Blanket  Creek,  marked  by  the  usual  stone  and  a  *'  V.  S.  B.  M."  pipe. 

Curlew  is  on  R.  B.,  on  second  plateau,  about  1  mile  from  river,  south  of  the  mouth 
of  a  draw  running  into  river  a  little  above  middle  of  Vox  Island.  ^ 

Bennett  is  on  L.  B.,  3^  miles  east  from  river,  on  land  of  I).  C-.  Bennett,  and  61  feet 
southwest  from  southeast  comer  of  his  house.  948  feet  northwest  from  quarter  section 
comer  and  south  side  of  sec.  11,  T.  122  N.,  R.  78  W. 

Le  Be4tu  is  on  L.  B.,  on  hill  standing  off  by  itself,  1  mile  from  the  river.  The  A  is 
on  spur  towards  Le  Bean  post-otfice. 

McKxnley  is  on  L.  B.,  on  a  smooth  plateau,  at  head  of  Rush  Creek  and  4  miles 
from  river  at  mouth  of  Rush  Creek;  1^  mih^f  northwest  from  Albert  Roseno's  house, 
which  is  near  the  head  of  a  branch  of  Swan  Creek,  150  feet  from  east  edge  of  bluff, 
and  1,555  feet  northeast  from  the  quarter  section  comer  on  the  south  side  of  sec.  36, 
T.  122  N.,  R.  78  W. 

St,  Stephen  is  on  R.  B..  on  a  slight  hill  north  of  a  wooded  valley  and  4  miles  below 
St.  Stephen  Mission  ana  2  miles  from  river.  There  is  higher  land  300  feet  north- 
west, also  one-half  mile  north.     A  is  opposite  mouth  of  a  small  creek  on  L.  B. 

Scranton  is  on  L.  B.,  on  a  small,  uiouiHl-shaped  hill,  1^  miles  bcack  from  river  and 
2^  miles  southeast  fnmi  town  of  Scranton,  S.  Dak.  The  A  is  1,284  feet  southwest 
from  the  southwest  comer  of  sec.  .36,  T.  121  N.,  R.  78  \V.,  which  is  on  the  fifth 
"  Standard  Parallel."    The  A  is  probably  in  sec.  2,  T.  120  N.,  R.  78  W. 

Charger  is  on  R.  B.,  (m  a  point  in  bend  of  river  opposite  Forest  City,  S.  Dak.,  and 
2  miles  west  of  Chief  Charger's  camp. 

Bunker  Hill  is  on  R,  B.,  on  a  very  high  and  prominent  hill  known  fis  Bunker  Hill, 
2J  mUes  from  river  at  J.  G.  Webb's  house.  The  A  is  «"  the  highest  land  north  of  the 
cap  in  the  range  of  hills  through  which  runs  a  wagon  road;  is  786  feet  southeast 
iTom  the  quarter  section  corner  between  sees.  21  and  22,  T.  119  N.,  R.  78  W. 

Travessy  is  on  R.  B.,  on  a  small  mound  standing  alone,  2^  miles  back  from  river,  at 
a  point  3  mUes  above  Pascal  Island,  and  is  the  highest  land  in  vicinity. 

Forest  City  is  on  L.  B.,  on  a  slight  rise  of  ground  on  bluft"  ridge,  south  of  the  first 
ravine  south  of  the  new  town  of  Forest  City,  8.  Dak.,  and  is  near  the  head  of  said 

ravine. 

Pascal  is  on  R.  B.,  on  the  highest  part  of  a  smooth,  grassy  ridge,  running  nearly 
Ti  »rth  and  south,  and  2  mile^  west  from  foot  of  Pascal  Island,  llie  ridge  is  three- 
f  arths  mile  long,  slopes  gently  to  the  west,  but  is  steeper  at  the  east;  higher  land 
B  nth  and  southwest. 

Artichoke  is  on  L.  B.,  on  a  sharp  knob  of  a  hill  of  the  Artichoke  Buttes,  and  1^^ 
I  lies  from  river.    The  A  is  on  the  high  butte  to  left  of  road  up  divide. 

Plum  Island  is  on  R.  B.,  on  a  small  knoll  on  broken  plateau,  6  miles  from  river  at 
I  um  Island,  anil  north  of  west  end  of  big  bend  near  Cheyenne  River.  Higher  land 
1  nile  northwest;  a  wagon  road  1.50  feet  from  A* 

Fairbank  is  on  L.  B.,  on  the  north  end  of  a  very  ])rominent  range  of  hills,  4  miles 
D  irly  east  of  the  town  of  Fairbank,  S.  Dak.  The  A  is  873  feet  west  and  30  feet 
a    ith  from  NE.  comer  of  sec.  14,  T.  115  N.,  R.  80  W. 
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Fort  Bennett  is  on  R.  B.,  on  a  prominent  hill  3i  miles  west  from  Fort  Bennett,  S. 
Dak,  The  bill  is  about  the  most  prominent  point  looking  west  up  valley  from  the 
fort. 

Sully  is  on  L.  B.,  on  a  hijfh  and  rocky  point  on  the  northernmost  of  the  Sully 
Buttes,  about  7  miles  northeast  from  Fort  Bennett,  8.  Dak.  Tliere  is  a  quarter  sec- 
tion comer  525  feet  west  of  A-     Sorti(m  line  runs  30  feet  south  of  A. 

Fielder  is  on  R.  B.,  on  a  long  ridge  parallel  with  river  and  near  lower  end  of  rldg^ 
2  miles  back  from  river,  opposite  Fort  Sully. 

Ingham  is  on  L.  B.,  on  a  high  plat<*au.  2  miles  from  river.  A  white  house  sur- 
rounded by  grove  of  trees  is  one-half  mile  west.  The  A  is  in  SW.  i  of  see.  20  T. 
112  N.,  R.  80  \V. 

Ferry  is  on  R.  B.,  on  a  small  ridge,  al»out  one-half  mile  east  from  Willow  Creek 
and  3  miles  south  fn>m  ferry  landing  at  Oiihe,  S.  Dak.  The  A  "  15  feet  east  from 
edge  of  bluif  and  375  feet  west  from  wagon  roiul  from  Pierre  to  Fort  Bennett. 

Stony  Hill  is  on  L.  B.,  on  a  small,  stony  hill,  three-fourths  mUe  from  river  and  6 
miles  above  Pierre,  S.  Dak.  It  is  25  feet  from  bluff  and  900  feet  west  from  wagon 
road. 

Broum  Hill  is  on  R.  B.,  on  east  end  of  a  large  plat-eau,  and  on  a  quite  prominent 
hill.     Highest  land  in  the  vicinity. 

Snake  Butte  is  on  li.  B.,  on  spur  nearest  river,  of  a  long  ridge,  about  4  miles  aboTe 
Pierre,  and  200  feet  west  of  a  wagon  road  to  Pierre.  The  hill  is  the  most  prominent 
in  that  vicinitv. 

Fort  is  on  R.  B.,  about  2^  miles  west  from  river,  and  2^  miles  north  from  Bad  River, 
on  a  narrow  ridge,  first  one  from  river.     Higher  land  back  of  A» 

Pierre  is  on  L.  B.,  on  a  very  prominent,  sharp  hill,  1,000  feet  east  from  the  wat<r 
works  reservoir,  and  1^  miles  northeast  from  court-house  at  Pierre,  8.  Dak.  The  A 
is  near  southeast  end  of  ridge. 

Bad  River  is  on  R.  B.,  on  cjiat  end  of  a  grassy  ridge  300  feet  long,  1-J  miles  below 
Fort  Pierre,  one-half  mile  back  and  to  the  west  of  the  mouth  of  Bad  River. 

Cemetery  is  on  L.  B.,  on  ridge  running  down  to  cemetery  and  about  2  miles  north- 
east from  the  "Wells  House,"  in  East  Pierre,  and  one-fourth  mile  back  from  eemetery. 

Section  VI. — Descriffion  of  permanent  station-marks,  skcondart  triangu- 

LATION  stations,    FROM   PlERRE  TO  RUNNING  W^ATER,    SOUTH  DAKOTA. 

[  AbbreviAtions :  A  —  Socnndary  f  rinngnlation  station.    R.  B.  =  right  bank.    L.  B.  =  left  bank.] 

West  Base  is  on  L.  B.,  in  bottom,  half  way  between  first  low  line  of  bluffs  and  river, 
and  is  in  southeast  comer  SE.  i  sec.  4,  T.  110  N.,  R.  79  W.  It  is  directly  towards  the 
river  from  the  •'  Wells  House,"  in  Pierre,  and  near  the  west  end  of  a  large  pasture  field 
next  the  river. 

Fast  Base  is  on  L.  B.,  in  the  bottom,  12,000  feet  S.  75°  57'  E,  from  A  West  Base, 
800  feet  west  from  farmhouse  in  bottom,  and  1,603  feet  from  the  Chicago  and  North- 
west^^ru  Railway. 

Plateau  is  on  R.  B.,  on  spur  of  plateau  pointing  towards  Pierre,  44-  miles  below 
Fort  Pierre  and  three-fourths  mile  bfick  from  river.  There  is  higher  land  one-fourth 
of  a  mile  southeast. 

Fai*m  Island  is  on  R.  B.,  1^  miles  from  river,  on  highest  point  of  ridge,  and  is  nearly 
opposite  the  foot  of  Farm  Island. 

Barth  is  on  L.  B.,  on  a  projeoting  prominent  point  opposite  middle  of  Farm  Island, 
one-half  mile  northeast  from  Earth's  house,  which  is  near  the  river  bank.  The  A  J* 
50  feet  from  edge  of  bluff,  and  is  marked  by  a  cross  cut  on  the  top  of  a  granite  boul- 
der, H  feet  below  surface. 

Perry  is  on  L.  B.,  on  a  A^ery  prominent  point  connected  to  main  plateau  by  a  '*  hog- 
back," three-fourths  mile  nearly  east  of  Mrs.  Perry's  house,  1^^  miles  from  river,  & 
feet  from  south  edge  of  bluff. 

Narselles  is  on  R.  B.,  on  upstream  end  of  a  ridge  350  feet  long  and  parallel  with 
river;  highest  land  in  immediate  vicinity.  A  is  uot  on  highest  part  of  ridge.  A 
wagon  road  from  Fort  Pierre  to  old  Fort  George  is  350  feet  north  from  A- 

Rousseau  is  on  L.  B.,  near  the  brow  of  a  hill,  1  mile  from  river.  A  small  grave  with 
picket  fence  is  200  feet  east  from  A »  *  small  graveyard  with  large  black  cross,  on 
next  spur  east.     A  is  595  feet  from  SE.  corner  SK.  ^  sec.  16,  T.  110  N.,  R.  77  W. 

Fort  George  is  on  R.  B.,  on  a  very  high  and  prominent  "hog-back"  ridge,  near  head 
of  Fort  George  Creek,  one-half  mile  south  from  creek  and  3  miles  from  its  month. 
A  large  pile  of  boulders  30  feet  north  of  A-  There  are  two  higher  ridges,  which  re- 
semble one  on  which  A  is  located,  2  miles  farther  back. 

JoAiques  is  on  L.  B.,  on  first  high  point  back  from  river,  which  is  the  highest  of  sev- 
eral just  in  front  of  higher  plateau,  1  mile  back  from  river,  opposite  mouth  of  Fort 
George  Creek,  one-fourth  mile  east  from  Judy  Jacques'  house,  and  one-fourth  of  a 
ID  lie  north  from  C.  C.  Barry's  sod  house. 
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ChapelU  Creek  is  on  L.  B.,  on  brow  of  first  liiKh  blnff :  country  back  of  A  is  tii^^ 
plateau  li  milee  east  of  Jones'  ranch,  which  is  suso  De  Gray  post-office^  and  1^  miles 
from  river. 

Cedar  Biver  is  on  R.  B.,  on  east  end  of  the  middle  lobe  of  a  long,  narrow  ridge,  3^ 
miles  from  river,  at  a  point  1^  miles  below  foot  of  Dorin  Island  No.  1. 

JSeifnolds  is  on  L.  B.,  on  a  small,  flat  table-land 250  feet  in  diameter^  on  highest  land 
m  vicinity,  1  mile  east  from  Reynolds  Creek  (Joe  Creek),  and  4  miles  north  of  the 
mouth ;  3  miles  west  from  St.  John's  ranch.  The  A  ^  south  of  the  wire  fence  across 
the  bend. 

Neck  is  on  R.  B.,  in  the  neck  of  the  Big  Bend,  near  center  of  a  grassy  ridge  running 
southeast  and  northwest,  and  at  the  highest  point.  The  A  ^  oue-fourth  mile  from 
river,  and  on  last  hill  toward  the  bend. 

Big  Bend  is  on  L.  B.,  on  northwest  end  of  a  ridge  200  feet  long  running  north- 
^veet  and  Southeast,  ana  1  mile  from  river.  Southeast  end  covered  with  rock  around 
A*     High  hills  I  mile  back.  1 

Burnt  liidge  is  on  R.  B.,  oti  a  very  high  and  prominent  range  of  grassy  hills,  5  miles  \ 

south  from  the  neck  of  the  Big  Bend.    There  is  higher  land  one-half  mile  southeast  \ 

directly  on  line  towards  Medicine  Butte.    The  A  is  1^023  feet  northwest  from  the  | 

southeast  comer  of  T.  107  N.,  R.  74  W. 

Fort  Thompson  is  on  L.  B.,  about  3|  miles  north  from  Fort  Thompson  (Crow  Creek 
Agency)  and  I^  miles  east  from  Soldier  Creek,  throe-eighths  mile  west  from  a  small 
creek  running  into  Soldier  Creek,  40  feet  east  of  road  running  north  from  the  fort. 

Badger  Creek  is  on  R.  B.,  on  a  round  knoll  100  feet  in  diameter,  3  miles  back  from 
mouth  of  Badger  Creek.    Highest  land  in  vicinity. 

Wolf  Creek  is  on  L.  B.,  1  mile  west  from  Wolf  Creek  (Elm  Creek),  and  4  miles 
north  from  mouth  of  creek,  on  a  low  hill,  but  first  one  of  any  size  bacK  from  riv'er. 

Bluff  is  on  L.  B.,  20  feet  from  edge  of  blufif,  2  miles  east  from  the  site  of  old  Fort 
Lookout,  3  miles  southeast  from  Fort  Hale,  1  mile  back  from  the  river.  Highest 
land  in  vicinity. 

Fort  Lookout  is  on  R.  B.,  on  a  flat-topped  hill,  If-  miles  from  river,  near  a  com  field, 
75  feet  from  a  road  running  to  Brul^  Agency. 

Frichard  is  on  L.  B.,  on  a  round-topped  hill,  one-half  mile  back  from  river,  three- 
fourths  mile  northeast  from  George  Prichard's  residence,  2,686  feet  northeast  from 
N.  W.  comer  Sec.  1,  T.  104  N.,  R.  71 W.  The  A  is  200  feet  east  from  the  ed^e  of  bluff, 
and  about  30  feet  south  from  east  and  west  half-section  line  through  section  36. 

BruUiB  on  R.  B.,  about  1,000  feet  from  end  of  a  long,  narrow  plateau  running  to- 
ward river;  2^  miles  south  from  Brul6  Agency. 

Chamberlain  is  on  L.  B.,  on  high  plateau  land  1^  miles  south  from  Chamberlain, 
S.  Dak.,  866^  feet  northeast  from  quarter-section  comer  between  Sees.  22  and  27,  T. 
104  N.,  R.  71  W.  The  A  i«  on  rolling  prairie,  about  half  way  between  Mr.  Wellman's 
ri*8idence  and  that  of  Major  Kellum.     There  is  higher  land  400  feet  southwest. 

ItttUan  is  on  R.  B.,  ou  a  small  mound  on  a  crooked,  broken  ridge,  3^  miles  from  river 
at  a  point  1^  miles  below  mouth  of  White  River.  There  is  a  high  point  on  top  of  same 
ridge  1  mile  south  of  A* 

Willrodt  is  on  L.  B.,  on  a  very  prominent  round-topped  hill,  three-eighths  of  a  mile 
West  from  Mr.  Willrodt's  house  and  1  mile  from  river.  A  is  on  land  of  D.  W.  Spaul- 
ding. 
'  Rosebud  is  on  R.  B.,  on  a  small  mound  on  very  high  ridge,  30  feet  from  edge  of 
abrupt  bluff  on  south.  The  hill  is  5  mUes  from  river.  A  prominent,  sharp  butte  is  one- 
balf  mile  nearer  river.  * 

Rijou  is  on  L.  B.,  on  a  very  high  and  prominent  butte,  three-fourths  mile  back  from 
river.    The  A  ^  on  highest  part  of  butte.    There  is  a  larger  and  higher  butte  nearly 
'  1  mile  south. 

Durex  is  on  R.  B.,  on  south  side  of  a  small  plateau,  100  feet  from  edge  of  bluff,  1  mile 
irest  from  head  of  Durex  Island  and  about  the  same  distance  from  mouth  of  Rosebud 
Creek,  one-eighth  mile  north  of  road  from  Rosebud  Landing  to  Rosebud  Agency. 
^Hiere  is  a  small  butte  one-fourth  mile  north,  50  feet  higher  than  A< 

Brickkiln  is  on  R.  B.,  2  miles  back  from  river,  1^  miles  from  Brickkiln  Hill,  and 

miles  southeast  from  Dry  Creek.    The  A  is  on  highest  land  in  vicinity.    A  wagon 

>ad  running  up  Dry  Creek  passes  800  feet  north. 

Heaion  is  on  L.  B.,  on  a  small  rid^e  600  feet  long  and  75  feet  wide  at  summit,  2^ 

liles  back  from  river;  highest. land  in  the  vicinity.    Near  house  of  W.  H.  and  C.  C. 

[eaton. 

Cologne  is  on  R.  B.,  on  a  prominent  mound  200  feet  in  diameter  and  25  feet  high,  2f 

ilesfrom  river.  Tne  mound  is  at  the  head  of  ravine  and  near  edge  of  a  large 
Plateau.    Mr.  Cologne  lives  5  miles  north  of  A* 

Bolandis  on  L.  B.,  on  a  round- topped  hill  on  rolling  prairie,  about  4  miles  from 
Hver  and  3  miles  northwest  from  Castalia,  S.  Dak.,  three-fourths  mile  nearly  north 
from  John  Boland's  house  and  1  mile  northeast  from  a  frame  schoolhouse.  The  A  is 
^,367  feet  northwest  from  the  SE,  comer  of  Sec.  17,  T.  99  N.,  R.  69  W. 


3798      REPORT   OP   THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMY. 

Hamilton  ifl  on  R.  B.,  on  a  spur  of  a  largo,  rolling  plateau  rnnning  out  tovard 
river,  one-half  mile  back  from  foot  of  Hamilton  l8lana.     Highest  land  within  a  mile. 

Kyle  is  on  L.  B.,  on  a  very  ]>romiuent  riflgc  at  bead  of  Cedar  Creek:  hill  is  the 
highest  in  vicinity.  There  is  a  round  mound  at  noiith  end  of  ridge  250  leet  irom  At 
which  probably  is  as  high  an  A.  The  A  i8  in  the  S.  i,  SE.  i,  Sec.  15,  T.  98  N.,  R. 
68  W. 

Mule  Head  is  on  R.  B.,  the  hill  being  the  highest  in  vicinity,  and  1|  miles  west  from 
Mule  Head  Point. 

}yhfeler  is  on  L.  B.,  4^  miles  northeast  from  Wheeler,  S.  Dak.,  and  fiye-eightfas  mik 
east  from  Campbell  Creek,  on  a  knob  of  a  projecting  spur  of  plateau.  There  is 
higher  land  1^  miles  northwest  across  creek,  and  a  prominent  cone-shaped  hill  one' 
half  mile  soutli,  which  is  nearly  as  high  as  ^. 

Whetstone  is  on  R.  B.,  on  north  end  of  a  very  high  and  prominent  peak  or  ridge,  2t 
miles  from  river ;  highest  point  in  vicinity ;  covered  with  rock. 

Chicot  is  on  R.  B.,T>ack  1^  miles  from  foot  of  Chicot  Island,  75  feet  north  f^om  foot 
of  plateau,  and  25  feet  west  from  the  bluff  edge.  Between  river  and  A  there  is  a 
butte  about  as  high  as  A* 

Leonard  is  on  L.  B.,  on  a  very  high  ridge,  back  4  miles  from  river  at  head  of  Chicot 
Island,  3  miles  from  Bartholdi  post-oflice.  The  A  ^^  on  highest  point  in  a  group  of 
hills,  one-half  mile  south  from  the  ^'Armour  Road.*' 

fVhite  Stean  is  on  L.  B.,  about  4  miles  east  from  White  Swan,  S.  Dak. ;  on  land  of 
Little  Brave  (Indian),  and  about  600  feet  from  his  house,  450  feet  north  from  wagon 
road  to  Yankton  Agency. 

Harrison  is  on  R.  B.,  on  Nine-mile  Hill ;  a  good  camping  place,  there  being  a  good 
spring  300  feet  away.  A  road  from  Fort  Randall  g(»es  over  top  of  hill.  The  A  i<^^ 
miles  nearly  south  of  Fort  Randall. 

Bruce  is  on  R.  B.,  on  a  mound-shaped  hill,  on  dividing  ridge  between  the  Missoari 
River  and  Ponca  Creek,  600  feet  from  edge  of  bluff,  550  feet  nortl^  from  wagon  road 
from  Niobrara  to  Fort  Randall,  and  2  miles  southwest  from  Yankton  Indian  Agenry. 

Conger  is  on  L.  B.,  4  miles  from  river,  and  G  miles  east  from  Yankton  Indian  Agency, 
on  a  very  high  ridge,  a  spur  of  which  runs  out  nearly  we-st  and  300  feet  west  of  A  J  ^ 
higher  than  A*    ^^  Indisn  house  on  low  ground  is  in  sight  1,000  feet  north. 

Fonca,  is  on  R.  B.,  on  a  very  high  and  prominent  sharp-topped  sandstone  butte,  2 
miles  south  of  Ponca  Creek,  and  5  miles  froiu  river.  Butte  can  be  seen  for  miles  from 
any  direction.  The  A  i'**  marked  by  a  cross  in  a  ** pick-up"  sandstone  and  regulation 
pipe.     Highest  mass  of  rock  on  butte  is  15  feet  northwest  from  A» 

Chout4'au  is  on  L.  B.,  1-^  mile  back  from  river  at  mouth  of  Chouteau  Creek,  and  one- 
half  mile  west  from  said  creek.  The  A  is  on  llat  tableland  175  feet  east  fttim  wagoo 
road.    Higher  land  one-fourth  mile  north. 

IVard  is  on  R.  B.,  on  a  slight  rise  on  a  ridge  running  east  and  weat,  15  feet  north  of 
a  land  survey  mark — a  mound  with  four  small  pits — one-fourth  of  a  mile  porth  from 
main  traveled  road  from  Niol>rara  and  25  feet  esst  of  a  branch  of  main  road,  5  miles 
west  of  Niobrara,  Nebr. 

Arneson  is  on  L.  B.,  2  miles  back  from  river,  on  a  high  ridge.  The  A  is 300 feet  from 
north  end  of  ridge.  There  is  a  sharp-pointed  hill,  three-fourths  of  a  mile  south,  as 
high  or  higher  than  A«  A.  wagon  road  within  40  feet  of  A  runs  northeast  towards 
a  small  white  school-house.  The  A^  is  5H4  feet  northeast  from  the  SW.  comer  Sec.  3, 
T.  92  N.,  R.  61  W.,  and  one-fourtli  of  a  mile  east  of  Ameson'H  house. 

Niobrara  is  on  R.  B.,  on  a  very  sharp  round-topped  knob  at  west  end  of  ridge  which 
turns  north  200  feet  east  of  S^,,  runs  north  300  feet,  and  ends  in  a  knob  similar  to  one 
at  west  end.  The  A  is  about  2  miles  from  river  opposite  Running  W'ater.  Higher 
land  1  mile  south  of  A« 

Corell  is  on  L.  B.,  on  a  small  mound  on  a  rolling  prairie  on  land  belonging  to  Mr. 
Covell,  one-fourth  of  a  mile  south  from  his  house,  2  miles  back  from  riyer,  and  3 
miles  southwest  from  Springfield,  S.  Dak. 

SkCTION  VII. — DkSCKII^ION  of  PKRMANENT  8TATION-MAKKS,  SECONDARY  TRIAN- 
UTLATION  STATIONS,  BETWEEN  ItlNNlNO  WATER,  .SOUTH  DAKOtA,  AND  BLAIK, 
NEBRASKA. 

[Abbroviations:  A = Secondary  triaufrnlntion  ntat ion.    K.  B.=Uig1it  bank.    L.B.= Left  bank.] 


Kelly  is  on  L.  B.,  on  a  rather  flat  hill  and  slightly  on  its  southern  slope.    A  wagon 
id  runs  around  the  A  to  house  of  Hugh  Kelly.     A  is  1,200  feet  southeast  from  said 


Ke 

roa( 
house. 

Lost  Cresk  is  on  R.  B.,  and  1  mile  back  from  a  point  li^  miles  below  mouth  of  Lost 
Creek.     The  land  i.H  the  highest  in  immediate  vicinity. 

North  Base  is  on  L.  B.,  in  the  bottom,  \\  miles  northea.Ht  from  Running  Water.  S. 
Dak.    The  A  18  in  NE.  i,  SW.  i,  Sec.  10,  T.  92  X.,  R.  GO  W.,  and  on  land  owned  by 
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Mr,  Baruum,  of  Niobrara,  Nebr.  The  west  line  of  this  section  crosses  base  line  2,758 
feet  from  A>    Magnetic  bearing  of  base  line  is  N.  24^  30'  E. 

South  Base  is  on  L.  B.,  300  feet  north  of  the  river,  one-half  of  a  mile  nearly  east 
from  the  raUroatl  depot  at  Running  Water.    The  A  is  on  a  slight  rise. 

Santee  is  ou  R.  B.,  on  a  very  sharp  ridge,  about  5|  miles  southeast  from  Santee  In- 
dian Agency,  and  3  miles  from  river.  The  laud  150  feet  south  from  A  is  higher,  and 
some  distance  north  a  sharp  spur  runs  out  and  slopes  very  abruptly  into  valley.  A 
road  ft*om  Santee  Agency  runs  200  feet  we>8t  of  A. 

Springifield  is  on  L.  B.,  about  4^  miles  nortbt^ast  from  Springfield,  S.  Dak.,  and  2^ 
miles  from  river  on  a  slight  rise  in  rolling  prairie.  The  A  is  ^(H  ^^^^  west  and  2,403 
feet  north  from  quarter-section  comer.    A  Is  in  NE.  i,  SW.  ^,  sec.  8,  T.  93  N.,  R.  59  VV. 

HerrickiB  on  R.  B.y'on*  a  flat- topped  triangular  hill,  3^  miles  from  river.  Two 
hundred  and  fifty  feet  west  from  A  's  a  sharj^peak,  but  not  so  high  as  A-  The  A  is 
one-fourth  of  a  mile  east  of  Devils  Nest  Creek  and  is  3,4-14  feet  southwest  from  NE.: 
corner  of  Sec.  34,  T.  33  N.,  R.  3  W. 

Bon  Homme  is  on  L.  B.,  about  4  miles  east  from  the  village  of  Bon  Homme,  S.  Dak., 
li  miles  back  from  river  on  a  narrow,  sharp  ridge — the  highest  laud  in  the  vicinity.. 
The  land  1^  miles  west  is  as  high  as  A*  The  A  is  2^  miles  northeast  of  the  Mennon- 
ite  village,  and  from  the  best  information  at  hand  is  in  the  NW.  ^  Sec.  14,  T.  93  N^, 
R.  58  W. 

Fit  is  on  R.  B.,  on  a  mound-shaped  hill  4  miles  from  river,  and  on  the  highest  land 
in  vicinity.  A  large  rolling  prairie  suiTounds  the  liill.  The  A  is  on  north  end  of 
hill;  a  gravel  pit  a  few  feet  north  of  A  i  one-half  of  a  mile  southeast  to  Louis  Metz- 
ler's.    The  A  is  supposed  to  be  in  NW.  i,  Sec.  35,  T.  33  N.,  R.  2  W. 

Lakeport  is  on  L.  B..  on  a  mound  hill  on  a  narrow  ridge,  10  feet  south  from  wagon 
road,  and  50  feet  north  from  cultivated  ground,  3^  miles  from  river,  and  is  near  the 
middle  of  NW.  i  Sec.  11,  T.  93  N.,  R.  57  W. 

Schmidt  is  on  R.  B.,  about  5^  miles  southeast  from  the  ferry  landing  opposite  Yank- 
ton, S.  Dak.  The  A  is  in  a  cultivated  field  1,397  feet  northwest  from  the  SE.  corner 
Sec.  29,  T.  32  N.,  R.  1  W.,  and  is  on  the  land  of  Balthser  Schmidt,  and  one-fourth  of 
a  mile  east  of  his  house.  The  A  is  built  on  first  high  land  east  of  Schmidt's  house. 
One  and  a  half  miles  east  from  A  the  land  is  higher. 

Welby  is  on  L.  B.,  about  6  miles  southeast  ft*om  Yankton,  S.  Dak,,  1,000  feet  north- 
east from  Wei  by  schoolhouse,  and  one-fourth  of  a  mile  north  eaflt  from  Welby's 
house.  The  hill  is  a  little,  flat  mound  in  a  large  rolling  prairie — the  highest  land  in 
vicinity,  however.  The  A  is  ^15  feet  east,  and  1,706  feet  south  from  NW.  corner,  sec. 
26,  T.  94  N.,  R.  55  W. 

Bow  Creek  is  on  R.  B.,  20  feet  from  edge  of  a  perpendicular  bluff,  100  feet  from 
river  and  1^  miles  up  river  from  Wiseman's  ranch,  and  same  distance  below  mouth 
of  Bow  Creek.  The  bluflF  extends  back  some  distance  forming  a  plateau;  deep  ravine 
800  feet  up  river  slightly  timbered.    The  A  is  said  to  be  in  sec.  7,  T.  32  N.,  R.  3  E. 

Spirit  Mound  is  on  L.  B.,  on  a  very  prominent  butte,  7  miles  north  from  Vermillion, 
S.  Dak.    The  hill  is  known  as  Spirit  Mound. 

Johnson  is  on  |>.  B.,  about  10  miles  from  river,  1,000  feet  east  from  Brul^  Creek, 
and  one-fourth  of  a  mile  northeast  from  John  Eriokson's  house ;  on  a  ridge  be- 
tween Brnl<$  Creek  and  a  deep  ravine;  higher  ground  a  mile  or  so  distant  north 
and  east.     The  A  is  said  to  be  in  NW.  i,  sec.  1,  T.  92  N.,  R.  50  W. 

Eyan  is  on  R.  B.,  on  a  very  prominent  "  hog- back '^  jidge,  one-half  of  a  mile  from 
river,  three-fourths  of  a  mile  above  lliomas  J.  Rvan's  ranch,  and  on  land  of  Fred. 
Calvert.  The  A  is  in  NE.  i,  NE.  i,  sec.  32,  T.  32  N.,  R.  5  E.,  and  13  feet  north  from  a 
pit  4  by  4  by  6  feet  deep. 

WestiUld  IS  on  L.  B.,  on  a  sharp  and  very  prominent  point,  5  miles  nearly  due  east 
from  Elk  Point,  S.  Dak.,  6  miles  south  from  W^estfield,  Iowa,  and  1^  miles  east  of  the 
Big  Sioux  River.  The  A  is  on  highest  point  of  a  broken  ridge,  and  is  said  to  be 
near  center  of  sec.  24,  T.  91  N.,  R.  48  W. 

lania  is  on  R.  B.,  near  edge  of  the  bluff,  about  3  miles  below  the  site  of  the  old 
town  of  Ionia.  The  A  is  in  NE.  corner,  NW.  i,  NE.  i,  sec.  19,  T.  31  N.,  R.  6  E.,  on 
land  owned  by  George  Mattesou.  The  A  is  on  a  prominent,  sharp-pointed  bluft", 
one-fourth  of  a  mile  southwest  from  Mr.  Baltzley'H  house. 

Tiiloha  is  on  R.  B.,  on  the  second  knob  above  the  point  of  bluff  between  Missouri 
River  and  Iowa  Creek,  and  2  miles  east  from  the  town  of  Ponca,  Nebr.  The  A  is  on 
a  low  bluff,  and  10  feet  from  perpendicular  face  to  northeast.  There  is  a  sharper 
and  higher  point  450  feet  northwest,  and  a  very  much  higher  and  larger  blutf"  one- 
half  ofa  mile  northwest. 

Sail  is  on  L.  B.,  about  9  miles  north  from  Sioux  f'ity,  Iowa*,  and  3  miles  east  from 
Jefferson,  8.  Dak.;  is  on  a  slight  mouud  on  a  winding  ridge,  one-fourth  ofa  mile 
northeast  from  the  Big  Sionx  River.    George  Hall  lives  on(;-half  of  a  mile  south  of  A- 

Hound  Gup  is  on  R.  B.,  on  the  highest  knob  just  below  Kiiisler's  bend  and  1  mile 
from  river. 

Emeremi  is  on  L.  B.,  1^  miles  north  from  mouth  of  Big  Sioux,  and  one-fourth  of  a 
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mile  e^t.  on  a  sharp  oval-shaped  mouitd  on  broken  ridge,  10  feet  from  oflge  of  ab- 
rupt bluir.  A  chnrcn  stands  on  a  hill  one-half  of  a  mile  northeast.  The  Sioux  City 
Hi^hland  Railway  Company's  roundhouse  stands  under  the  bluff  500  feet  distant. 

Prospect  Hill  is  on  L.  B,,  on  Prospect  Hill,  Sioux  City,  one-half  of  ^  mile  west  from 
the  depot  and  one>eighth  of  a  mile  fh>m  the  river  bank ;  is  marked  by  a  vertical 
railroad  Iron. 

Sargent  is  on  the  L.  B.,  one-half  of  a  mile  northeast  from  the  town  of  Sargent 
Bluffs,  Iowa,  on  a  small  knoll  in  a  narrow  ridge,  the  highest  point  in  the  vicinity; 
is  in  the  SE.  i  of  the  NE.  i  of  sec.  30,  T.  88  N.,  R.  47  W. 

Baird  is  on  the  R.  B..  on  a  prominent  point,  one-half  of  a  mile  southeast  of  Colouel 
Baird's  house  and  3  miles  from  the  river:  is  374  feet  west  of  the  NE.  comer  of  sec.  3, 
T.  27  N.,  R.  8  E. 

Hedges  is  on  the  L.  B.,  on  a  high  poiVit,  li  miles  northeast  of  Hedge's  ranch  and 

9  miles  east  of  Salix,  Iowa:  is  m  the  SW.  i  of  the  NW.  i  of  sec.  30,  T.  87  N.,  R. 
46  W. 

Winnebago  is  on  the  R.  B.,  one-half  of  a  mile  sonth  ftom  the  north  line  of  Winne- 
bago Indian  Reservation,  and  1^  miles  southwest  from  the  house  of  W.  P.  AJlen,  which 
'  is  on  the  SW.  comer  of  sec.  25,  T.  27  N.,  R.  9  E. 

Grant  is  on  the  L.  B.,  on  a  prominent  point,  10  miles  northeast  from  Whiting,  Iowa; 
is  in  the  NE.  i  of  sec.  18,  T.  85  N.,  R.  44  W. 

Blackbird  is  on  the  R.  B.,  on  Blackbird  Hill,  on  the  river  bank  about  5  miles  north- 
west from  Decatur,  Nebr. ;  is  in  the  SW.  i  of  sec.  4,  T.  24  N. .  K.  10  K. 
'  Kennebee  is  on  the  L.  B.,  on  brow  of  the  bluff,  just  back  of  the  white  frame  houst> 
owned  by  N.  W.  Hathaway;  is  about  seven-eighths  of  a  mile  northwest  of  Areola, 
Iowa;  is  in  the  SE.  i  of  sec.  20,  T.  84  N.,  R.  44  W. 

Sandig  is  on  the  R.  B.,  on  a  bare  knob,  4^  miles  south  of  Decatur,  Nebr.,  and  five- 
eighths  of  a  mile  west  of  Sandig's  house;  is  in  the  NW\  i  of  sec.  25,  T.  23  N.,  R. 

10  E. 

Mormon  is  on  the  L.  B.,  on  a  high  knob,  1^  miles  east  of  Little  Sioux,  Iowa ;  is  iu 
the  SE.  i  of  NE.  i  of  sec.  20,  T.  81  N.,  R.  44  W. 

Tekamah  is  on  the  R.  B.,  one-fourth  of  a  mile  southwest  from  Tekamah,  Kebr., 
aud  1,000  feet  west  from  the  C,  St.  P.,  M.  &  O.  R.  R.  depot;  is  in  the  SW.  i  of  the 
SW.  i  of  sec.  19.  T.  21  N.,  R.  11  E. 

Tavlor  is  on  tne  L.  B.,  4^  miles  southeast  from  Mondaniin  railroad  station,  and  950 
feet  southeast  from  NW.  comer  of  sec.  2,  T.  79  N.,  R.  44  W. 

Herman  is  on  the  R.  B.,  2  miles  south  of  Herman,  Nebr.,  and  one-fourth  of  a  mile 
east  of  D.  O'Halin's  house;  is  in  the  NE.  i  of  the  SW.  i  of  sec.  8,  T.  19  N.,  R.  11  E. 

Section  VIII. — DsscRiPnoN  of  permanent  station-marks,  secondary  triangu- 

LATION  stations  BETWEEN  BLAIR  BASK   AND  LEAVENWORTH. 
[AbbreviAticma:  ^  =Seoondary  triangulation  Btation.    R.  B.— Right  bank.    L.  B.— Left  bank.] 

East  Base  is  on  R.  B.,  near  the  river,  one-fourth  of  a  mile  southeast  from  W. 
Tyson's  house;  is  near  the  center  of  the  SW.  i  of  sec.  18,  T.  19  N.,  R.  12  E. 

*  West  Base  is  near  the  center  of  the  S£.  i  of  sec.  15,  T.  19  N.,  R.  11  £.,  2^  miles  west 
from  A  S^t  Base. 

Bench  IB  on  R.  B.,  on  a  low  ridge,  three-fourths  of  a  mile  north  of  Blair,  Nebr.,  and 
2  miles  west  of  the  S.  C.  &  P.  R.  R.  bridge,  in  the  SW.  i  of  sec.  1,  T.  18  N.,  R.  11  E. 

Blair  is  on  the  R.  Bu.  on  a  hill,  2  miles  sonth  by  east  of  Blair,  Nebr.,  and  2|  mile^ 
southwest  of  the  S.  C.  &;  P.  R.  R.  bridge;  is  one-fourth  of  a  mile  southwest  from 
the  Blair-Omaha  wagon  road. 

Loveland  is  on  the  Xi.  B.,  on  a  high,  wooded  ridge,  one-fourth  of  a  mile  northeast 
from  Loveland  railroad  station ;  is  in  the  NW.  i  of  the  NE.  i  of  sec.  3,  T.  77  N.,  R. 
44  W. 

Douglas  is  on  the  R.  B.,  2^  miles  from  the  river  and  one-fourth  of  a  mile  north- 
west from  D,  Shipley's  house;  is  in  the  NW.  i  of  the  NE.  i  of  sec.  5,  T.  16  N.,  R.  13 
E. :  is  200  feet  south  of  county  line. 

Crescent  is  on  the  L.  B.,  on  a  high  peak,  one-half  of  a  mile  southeast  from  Crescent 
railroad  station;  is  in  the  NE.  i  of  the  SW.  i  of  sec.  26,  T.  76  N.,  R.  44  W. 

Council  is  on  L.  B.,  on  the  outer  ridge  above  Council  Bluft's,  aud  one-eighth  of  a 
mile  above  the  G.  A.  K.  monument. 

Omaha  is  near  the  southwest  comer  of  Lake  and  Thirty-second  streets,  Omaha;  is 
100  feet  northwest  of  the  iEtna  brickyards. 

Bluffs  is  on  a  narrow  ridge,  on  line  of  Twentieth  street,  Council  Bluffs ;  is  on  the 
north  line  of  the  SW.  i  of  the  NE.  i  of  sec.  1,  T.  74  N.,  R.  44  W. 

Bellevue  is  on  R.  B.,  1^  miles  northwest  from  Bellevue,  Nebr.,  on  land  owned  by  Pr. 
Chaffee.    A  timber  station  temporarily  marks  the  hill. 

Hent4)n  is  on  the  L.  B.,  on  a  high  knob,  one-half  of  a  mile  northeast  from  Heuton 
railroad,  station ;  is  on  the  south  line  of  seo.  20,  one-third  of  a  mile  from  SW.  corner, 
T.  73  N.,  R.  43  W. 
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.  Platte  is  on  R.  B.,  on  an  Indian  mound.  250  feet  south  of  the  "Park  House,"  2^ 
miles  northwest  of  Plattsmouth,  Nebr.  j  is  in  the  NW.  i  of  the  SE.  i  of  see.  1,  T.  12  N., 
R.  13  E. 

Quarry  is  on  the  L.  B..  on  a  prominent  hill^  4  miles  north  from  Partlett;  is  east  of 
the  frame  house  of  the  Haney  Estate;  is  in  the  NW.i  of  the  NW.i  of  sec.  21,  T.  71 
K,  R.  43  W. 

Calumet  is  on  the  R.  B.,  3  miles  southwest  from  Rock  Bluff,  Nebr.,  and  1,000  feet 
northeast  from  the  house  of  G.  J.  Oldham;  is  in  the  SW. i  of  the  NW. ^  of  sec.  19, 
T.  UN.,  R.14E. 

Thurman  is  on  the  L.  B.,  on  a  prominent  ridge,  li  miles  north  of  Thurman  post- 
office,  and  east  of  Allen's  house;  is  in  the  NE. i  of  the  SW. i  of  sec.  23,  T.  70  N.,  R. 
43  W. 

Jones  is  on  R.  B.,  1  mile  west  from  the  rock  quarry  at  Jones  Point;  is  in  the  NE.  ^ 
of  the  SW.  i  of  sec.  20,  T.  10  N.,  R.  14  E.  The  center  of  the  section  is  on  line  with 
^  Thnrman,  1,161  feet  distant.  • 

Pugh  is  on  the  L.  B.,  on  a  large  knob,  3i  miles  south  of  Thurman  post-office;  is 
east  of  the  house  of  J.  M.  Mann;  is  in  tihe  SE.  i  of  the  SW.  i  of  sec.  13,  T.  69  N., 
R.  43W. 

Otoe  is  on  R.  B.,  1^  miles  below  the  bridge  at  Nebraska  City  and'  1^  miles  above 
Otoe  City:  is  in  the  SW  i  of  the  SW.  i  of  sec.  14,  T.  8  N.,  R.  14  E. 

McCraeken  is  on  L.  B.,  on  a  most  prominent  ridge,  6  miles  north  by  west  of  Ham- 
burg, Iowa;  is  south  of  McCracken's  house,  in  the  SE,  i  of  sec.  30,  T.  68  N.,  R.  42  W. 

City  is  on  R.  B.,  on  a  cultivated  hill,  1^  miles  above  above  Otoe  City;  is  in  the 
NW.  i  of  sec.  1,  T.  7  N.,  R.  14  W.,  on  land  of  G.  N.  Brinker. 

Hamburg  is  ou  L.  B.,  on  a  small  bare  knob  of  a  cross  ridge,  4  miles  south -sou  th«ast 
of  Hamburg,  Iowa;  is  in  the  SE.  J  of  the  SW.  i  of  sec.  2,  T.  66  N.,  R.  42  W. 

Peru  is  on  the  R.  B.,  on  a  high  point  in  a  ridge,  1^  miles  below  Peru,  Nebr. ;  is  on 
the  line  between  sections  22  and  23,  and  2^  miles  from  the  south  line  of  T.  6  N.,  R.  15  E. 

Phelps  is  on  the  L.  B.,  3  miles  northeast  of  Phelps,  Mo.,  on  a  cultivated  hill;  is 
in  the  SE.  i  of  sec.  18,  T.  65  N.,  R.  41  W. 

Brownville  is  on  the  R.  B.,  on  a  narrow  ridge,  three-fourths  of  a  mile  north  of 
Brownville,  Nebr. ;  is  on  section  line  between  sections  7  and  18,  and  is  one-third  of  a 
mile  from  the  west  line  of  T.  5  N.,  R.  16  E. 

Langdon  is  on  L.  B.,  on  a  bare  knob,  2  miles  south  of  Union  City,  Mo. :  is  in  the 
N W.  i  of  sec.  9,  T.  64  N.,  R.  41  W. 

81.  Deroin  is  on  the  R.  B.,  on  a  narrow  ridge,  three-fourths  of  a  mile  above  St. 
Deroin,  Nebr. ;  is  in  the  SW.  i  of  sec.  25,  T.  4  N.,  R.  16  E. 

Nishne  is  on  the  L.  B.,  on  a  wooded  ridge  2  miles  east  of  Nishne,  Mo.,  and  1  mile  from 
the  edge  of  the  bluffs.    Is  in  sec.  1,  T.  63  N.,  R.  41  W. 

Devoir  is  on  the  R.  B.,  on  a  high  ridge,  1  mile  from  the  river.  Is  in  the  NW.i  of 
the  NW.  i  of  sec.  9,T.  3  N.,  R.  17  E. 

Craig  is  on  the  L.  B.,  in  a  wooded  pasture  field,  on  a  hill  1^  miles  north  by  west  from 
Craig,  Mo.,  Just  east  of  the  road.     Is  in  the  NE.  corner  of  sec.  2,  T.  62  N.,  R.  40  W. 

Arago  is  on  R.  B.,  on  a  timbered  hill,  1^  miles  below  Arago,  Nebr.  It  is  in  the  NW. 
^  of  sec.  18j  T.  2  N.,  R.  18  E.,  on  land  belonging  to  Coon  Smith. 

Nemaha  is  on  the  R.  B.,  on  a  flat-topped  mound,  on  a  long  ridge  near  the  river,  at 
tlie  mouth  of  the  Big  Nemaha. 

Napier  is  on  the  L.  B.,  on  a  narrow,  bare  ridge,  three-fourths  of  a  mile  east-south- 
east of  Napier  railroad  station,  and  just  east  of  the  graveyard  on  the  hillside. 

Forest  City  is  on  L.  B.,  on  a  broad,  cultivated  hill,  three-fourths  of  a  mile  south- 
east of  Forest  City,  Mo.    Is  600  feet  south  of  D.  W.  Carder's  house. 

White  Cloud  is  on  R.  B.,  on  a  high  hill,  1|  miles  below  White  Cloud,  Kans.  Is  in 
the  south  j^art  of  sec.  15,  T.  1  S.,  R.  19  E. 

Lookout  is  on  R.  B.,  on  Lookout  Mountain,  three-fourths  of  a  mile  northeast  of 
Eai,de  Spring  Hotel.    Is  in  the  NE.  i  of  the  SW.  i  of  sec.  10,  T.  2  S.,  R.  20  E. 

Payne  is  on  L.  B.,  on  a  wooded  ridge,  2  miles  southeast  of  Curzon  Switch,  Mo.  Is 
northwest  of  Robert  Moore's  house,  which  is  owned  by  J.  Payne.  Is  in  the  NE.^ 
of  the  NE.  i  of  Sec.  23,  T.  59  N.,  R.  38  W. 

Meers  is  on  the  R.  B.,  on  a  bare  hill  4^  miles  west  of  Charleston  City,  Kans.  Is  in 
V-e  SW,  i  of  SE.  i  of  sec.  20,  T.  2  S.,  R.  21  E. 

Nodaway  is  on  L.  B.,  on  a  wooded  ridge,  2  miles  above  Nodaway  River.  Is  in  the 
fi  i  of  sec.  23,  T.  59  N.,  R.  37  W. 

Fox  is  on  the  R.  B.,  on  a  ridge  one-fourth  of  a  mile  southwest  of  J.  R.  Fox's  house. 
I  in  the  NE.  i  of  the  S W.  i  of  sec.30,  T.  2  S..  R.  22  E. 

Amazonia  is  on  L.  B.,  on  a  bare  hill  one-half  of  a  mile  northwest  of  Amazonia,  Mo. ; 
h  in  the  SW.  i  of  the  NW.  i  of  sec.  3.">,  T.  59  N.,  R.  36  W. 

S7.  Joe  is  on  L.  B.,  on  a  cultivated  bluff,  about  one-fourth  of  a  mile  north  of  St. 
J  »seph  waterworks  reservoir;  is  in  theSW.  i  of  the  SE.^  of  see.  30,  T.  58  N.,  R. 
3    W. 

Kings  Knob  is  on  L.  B.^  on  a  very  prominent  knob  known  as  Kings  Knob,  2  milea 
Bi  ith  of  the  railroad  bridge  at  St.  Joseph. 
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Wathena  in  on  R.  B.,onu  bii^h  point  one-bnlf  of  a  mile  southwest  of  Wathena^ 
Kans. ;  is  in  the  NW.  i  of  the  NE.  i  of  sec.  33,  T.  3  8.,  R.  22  E. 

Anderson  is  on  the  R.  B.,  on  an  Indian  mound,  on  the  highest  point,  one-quarter  of 
a  mile  east  of  Haye's  house;  is  in  the  SW.  i  of  sec.  17,  T.  4  S.,  R.  22  E. 

Kenmoor  is  on  L.  B.,  on  a  narrow  wooded  ridge,  one-half  of  a  mile  east  of  Kenmoor 
railroad  station ;  is  in  the  8W.  i  of  the  SW.  i  of  sec.  22,  T.  56  N.,  R.  36  W. 

Geanf  Ih  on  tlie  R.  B.,  ou  a  mouud  on  a  woode<l  ridge,  2  miles  below  Geary  CitT, 
Kiius. ;  Ih  in  the  NE.  i  of  sec.  3,  T.  5  8.,  R.  21  E. 

HalU  is  on  L.  B.,  on  a  wooiled  ridge  1^  miles  southwest  from  Halls,  Mo. :  is  75  feet 
south  of  graveyanl  ou  the  bluff;  is  in  the  NW.  ^  of  sec.  6,  T.55  N.,  R.36  W. 

AU'hiiion  is  ou  R.  B.,  on  a  wooded  ridge  2^  miles  north  of  Atchison,  Kane.,  on  land 
owned  by  Charles  Brown :  is  iu  the  8E.  i  of  the  SE.  i  of  sec.  19,  T.  5  S.,  R.  21  E. 

Gordon  is  on  L.  B.,  on  a  broad  p:\sture  field,  4  miles  east  of  Winthrop,  Mo. ;  is  in  the 
SE.  i  of  the  SE.  i  of  sec.  22  T.  55  N.,  R.  37  W. 

Snifder  is  ou  K.  B.,  in  a  cultivated  fiebl  3  miles  below  Atchison,  on  land  owned  by 
E.  Siiyder ;  is  iu  the  fc^W.  i  of  sec.  17,  T.  6  S.,  R.  21  E. 

Reese  in  ou  L.  B.,  ou  land  owned  by  Martin  Reese;  is  42  feet  southeast  of  the  soutb- 
east  corner  of  the  dwelling  house;  is  in  the  SE.  i  of  sec.  12,  T.  54  N.,  R. 37  W, 

Oak  MiUs  is  ou  R.  B.,  on  a  high  point  one-half  of  a  mile  above  Oak  Mills,  Kans. ;  iB 
1,000  tVet  northwest  of  the  house  of  George  Waddle;  is  in  the  NE,  ^  of  the  SW.^^  ot 
sec.  12,  T.  7  S.,  R.  21  E. 

Jatan  is  ou  L.  B.,  on  a  high  wooded  spur  from  a  knob  1|^ miles  south  of  latan,  Mo.; 
is  in  the  SE.  i  of  sec.  29,  T.  54  N.,  R.  36  W. 

Kickapoo  is  on  R.  B.,  on  the  first  high  hill  above  Kickapoo  railroad  station;  is  iu  the 
northwest  corner  of  an  apple  orchard;  is  15  feet  east  of  the  west  line  of  sec.  29,  T. 
7  S.,  R.  22  E. 
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RKPORT-OF   MU.   CIIAS.   F.   POTTKK,    I>I\'IS1<)N   ENGINEER,   ON  SHORE-UXE   SUltVEYS. 


Missouri  River  Commission, 
Office  of  Division  Engineer,  * 

Omdhtty  Nebr,y  June  5,  1891. 

Lieutenant:  I  Imve  the  honor  to  submit  the  following  report  of  shore-line  surveys 
under  my  charge  during  the  year  ending  June  30,  1891: 

1  wa«  iustriicteil,  by  letter  dated  September  19,  1890,  to  make  preparations  for 
making  a  survey  of  the  Missouri  Kiver  tVoin  Sioux  City,  Iowa,  to  Jones  Point,  Nebr., 
and  ou  the  following  day  wa«  <liie<ted  to  ju-oceed  with  the  work. 

As  there  were  no  boats  iu  the  vicinity  of  .Sioux  City  for  sale  or  hire  that  could  l»e 
converted  into  quarter  boats,  it  wa.s  t'ouiul  necessary  to  construct  cabins  ou  one  64 
by  Ui  foot  barge  and  on  one  IU)  by  11  foot  Hat  at  Omaha,  for  the  accommodation  of  the 
pany. 

On  October  1  the.  survey  party  was  organized  and  the  quarter-boats  were  supplied 
with  provisicuis,  tools,  and  material  necessary  for  the  Avork. 

Octob«r  2  the  boats  were  taken  in  tow  by  tlie  steamer  Capitoln  Buii  and  started  for 
Sioux  City. 

Owing  to  low  water  on  the  crossings  navigation  was  found  difficult,  and  in  conse- 
quence the  tow  did  not  reach  Sioux  City  until  the  evening  of  October  6. 

The  towboat  started  for  Omaha  the  next  morning,  arriving  there  two  da^'S  later. 

Tlie  survey  was  conuneuced  October  7.  A  locating  party  Avas  first  started  out  to 
establish  tertiary  triangulation  stations,  and  after  the  iirst  few  days  was  usually 
from  10  to  15  miles  iu  a<ivauce  of  the  main  party. 

The  stations  consisted  of  a  gas-]>ipe  hub,  3  feet  by  1^^  inches,  carrying  a  pine  flag- 
pole 1^  by  li  inches  by  10  feet,  with  a  system  of  red,  white,  and  green  tlags,  arranged 
so  that  the  numbers  from  1  to  9,  inclusive,  could  be  easily  distinguished. 

The  main  party  consisted  of  the  assistant  iu  charge  and  four  transitmen,  together 
with  the  necessary  rodmeu,  boatmen,  cooks,  watchmen,  etc.,  and  was  suboivided  in 
the  following  manner: 

A  triangulation  party,  which  was  occupied  in  measuring  the  angles  of  the 
angles,  and  iu  couiuH'ting  the  tertiary  with  the  second  triaugulatiou  systen 
stadiii  ))arty  on  each  bank  of  the  river,  employed  in  locating  shore  and  bar  lii 
and  a  third  stadia  party,  which  located  the  permanent  bench-marks  and  some 
tion  corners. 

Aside  from  the  chief,  the  party  was  made  up  almost  wholly  of  men  inexperieu 
in  river  surveys,  and  in  consequence  ]U'()gres8  was  necessarily  slow  for  the  1 
week;  however,  before  the  end  of  the  first  month  a  chaunel  distance  of  from  • 
5  miles  per  day  waa  covered. 
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Xo  survey  of  the  river  from  Florence  to  Omaha  and  between  Bellevueand  Plattfl- 
aontli  'was  made;  the  uott*8  of  surveys  made  in  1889  and  1890  were  used  in  making 
he  niAp. 

Kroin  Florence  to  Jones  Point  the  location  of  the  bench-marks  was  omitted  ibr 
he  time,  owin^  to  the  approaching  cold  weather  and  the  desirability  of  coui})leting 
he  main  snrvey  before  the  ice  should  interfere  with  the  movements  of  the  qnarter- 
»oa>t8. 

The  snrvey  was  practically  completed  on  November  28.  The  boats  and  skitfs  were 
heu  floated  down  to  Nebraska  City  and  pulled  on  the  United  States  ways  for  the 
K'inter,  and  the  party  was  disbanded. 

Two  assistant's  were  retained,  and  were  employed  during  the  month  of  December 
II  calculating  the  tertiary  triangulation. 

.Al>oiit  January  1  work  of  platting  the  secondary  triangulation  from  notes  sent 
from  the  St.  Louis  office  was  commenced,  and  was  followed  by  the  platting  of  the 
k^rtiary  triangulation  and  stadia  notes. 

Tli(^  platting  of  the  charts  covering  the  Omaha  division  was  finished  in  pencil,  and 
Hiey  were  forwarded  to  St.  Louis  on  the  following  dates:  Chart  XXIII,  February  5; 
Chart  XXIV,  February  14;  Chart  XXII,  February  20  (sent  to  Division  Engineer  S. 
\V.  Fox);  Chart  XXV,  February 28;  Chart XXVI,  March  11;  Chart XXVII,  March 25. 

The  permanent  bench-marks  from  Florence  to  Jones'  Point,  which  were  omitted  from 
the  survey  in  November,  were  located  and  platted  duriug  the  month  of  April,  and  a 
tracings  of  the  same  sent  to  the  St.  Louis  office  on  May  15. 

The  >«rork  of  tabulating  the  coordinates  of  the  tertiary  triangulation  was  completed 
Mny  20  and,  as  this  ended  all  work  connected  with  the  shore-line  survey  under  my 
charge,  the  force  waa  transferred  to  other  duties. 

SPECIAL  SURVEY. 

« 

I  was  instructed,  by  letter  dated  October  13,  to  make  a  survey  of  the  Omaha  Har- 
hor. 

The  Tiecessarj'  soundings  were  made  1st  day  of  December,  and  the  shore-lines  sur- 
veyed on  January  2.  A  map  was  made  from  the  not-es  obtained,  and  a  tracing  of  the 
same  Bent  to  the  St^  Louis  office  on  March  16< 

I  ^vish  to  acknowledge  the  valuable  services  rendered  by  Assistant  Ed.  Jones  as 
chief  of  the  survey  party. 

Financial  statement  sTioiHng  coat  of  shore-line  survey. 

Cost  of  labor  in  field , $3, 1^1. 62 

Cost  of  labor  in  office 1,008.33 

Cost  of  supplies  (flags,  hubs,  etc.) 475. 50 

Cost  o  f  subsistence , 714. 58 

$5, 363. 03 

Towing  quarter  boats  to  Sioux  City,  Iowa: 

Charter 160.00 

Fuel 152.50 

Labor 17L0O 

483.50 

Total  expense  of  shore-line  survey 5, 846. 53 

The  above  expense  was  divided  between  three  alh)tmeuts,  as  follows : 

Survey  allotment 2, 799. 70 

Omaha  allotment 375.38 

Sioux  City  allotment 2, 671. 45 

Total 5,846.53 

I  am,  very  respectfully,  your  obedient  servant, 


Chas.  F.  Potter, 

Vimsion  Eng^ineer, 


First  Lieut.  J.  C.  Sanford, 

C<wy«  of  Engineers,  U.  S.  A., 

Secretary  Missouri  River  Commission, 


f 
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report  of  mr.  8.  "waters  fox,  division  enginekk,  on  ^hore-line  survktb. 

Missouri  River  Commission, 
Office  of  Division  Enginekk, 

St.  Joseph,  Mo.,  June  19,  1S9L 

Sir:  I  have  the  honor  to  submit  herewith  a  report  of  the  sliore-line  survey  of  the 
Missouri  River  condncted  under  my  charge  last  fall  between  Jones  Point,  Iowa,  sad 
Beverly  Junction,  Mo. 

With  a  view  to  doing  the  work  as  rapidly  as  possible,  with  reasonable  accniacT 
and  at  a  minimum  cost,  the  following  general  scheme  of  field  work  was  arranged, 
viz: 

A  constant  orient  for  each  and  all  of  the  transits  in  use  was  to  be  carried,  whetliet 
rtinning  a  continuous  line  or  doing  fragmentary  meander  work,  with  numerous  re- 
ciprocal readinj^s  for  checking  orientation  and  stadia — this  orient  to  be  the  magnetic 
meridian  as  indicated  by  some  particular  one  of  the  transits.  Should  all  the  instn- 
ments  get  out  of  orient  by  cumulative  or  accidental  errors,  they  were  to  be  re*et  m 
at  first — this  to  done  when  near  a  secondary  triangulation  station,  so  that  both  nev 
and  old  orient  could  be  readily  azimutheu  from  observations  at  said  station.  In 
case  any  one  instrument  should  get  out  of  orient,  it  was  to  be  set  from  an  adjaceot 
instrument,  and  the  fact  so  stated  in  the  notes.  The  shore-line  parties  were  to  keep 
close  watch  for  transit  points  on  the  P.  B.  M.  lines,  for  fences,  bmd  corners,  etc.,  iu- 
eating  them  when  possible.  Points  that  it  wa«  desired  to  locate,  and  that  could  Bct 
be  seen  ftom  shore-line  transit  points,  were  to  be  located  by  a  meander  line  run  viHi 
an  instrument  that  waa  not  carrying  a  continuous  line.  The  accessible  fiecondarr 
triangulation  stations  were  not  to  be  occupied  until  after  the  shore-line  parties  had 
poased  them,  so  that  angles  might  be  taken  to  as  many  transit  points  as  possibK 
Those  reaches  of  the  river  that  nad  been  surveyed  a  short  time  previous  to  this  sot> 
vey  (aggregating  30  miles  of  river)  were  to  be  skipped  after  making  proper  tied  to 
them. 

A  party  was  organized,  and  the  major  portion  of  it  reported  for  duty  at  Nebraska 
City,  Nebr.,  September  29,  1890,  to  Assistant  Joseph  0.  Meredith,  who  was  placed  in 
direct  charge  in  the  field. 

The  United  States  quarter-boat  Pappoose  was  repaired  and  equipx>ed  for  the  use  of 
the  party. 

Active  work  in  the  field  began  October  1, 1890,  though  it  was  not  until  October  20 
that  the  following  full  personnel  of  the  party  was  in  service,  viz :  One  assistant  en- 
gineer, in  charge ;  two  shore-line  parties,  each  consisting  of  one  transit-man,  two 
stadia-men;  one  island-bar  party,  consisting  of  one  transit-man,  one  stadia-man;  one 
side  or  detached  party ,  consisting  of  one  transit-man,  one  stadia-man;  the  crew  of 
the  quarter  boat  Pappoose,  consisting  of  one  pilot,  two  oai-snien,  one  cook,  one  waiter, 
making,  all  told,  sixteen  men. 

I««OTE. — The  pilot  and  oarsmen,  when  not  engaged  in  dropping  the  quarter-boat, 
were  employed,  as  skiffmen  and  axmen  for  the  shore  line  and  island-bar  parties. 

November  1,  Assistant  Meredith  was  relieved  from  further  duty  on  the  survey,  that 
he  might  return  to  his  station  at  Nebraska  City,  Nebr.,  and  Mr.  Frank  V.  Potter  was 
placed  in  charge  of  the  party. 

In  accordance  with  instructions  dated  Kansas  City,  Mo.,  November  24,  work  in  the 
field  was  stopped  at  a  point  opposite  Beverly  Junction,  Mo.,  and  the  party  ordered 
to  proceed  on  board  the  Pappoose  to  Kansas  City,  where  they  were  to  report  to  DiYi^ 
ion  Engineer  Yonge  for  further  instructions  and  to  turn  over  the  property  to  him. 

The  party  arrived  at  Kansas  City  November  27,  and  the  transfer  of  property  was 
eftected  the  same  day.  Assistant  F.  V.  Potter  reported  to  me  at  St.  Joseph  November 
29  for  duty  in  the  office.   . 

The  preliminary  work  incident  to  making  charts  of  the  survey  was  begun  at  once, 
Assistant  Potter  giving  all  his  time,  and  Mr.  Widen,  the  draftsman  at  this  office, » 
much  of  his  time  as  could  be  spared  from  his  regular  duties. 

Lack  of  space  for  drafting  tables  did  much  to  hinder  the  progress  of  this  part  of 
the  work ;  but  difficulties  of  platting,  to  some  extent  inherent  in  the  system  of  field 
work  and  more  largely  due  to  the  inexperience  of  the  transit  men,  combined  to  make 
the  work  tedious,  costly,  and  unsatisfactory. 

Six  charts  in  all,  from  Chart  XVI  to  Chart  XXI,  both  inclusive,  and  a  portion  of 
Chart  XXII,  were  worked  up  in  pencil  and  forwarded  to  you,  the  hist  one  leaving 
this  office  March  24.  1891. 

Length  of  river  surveyed: 

Gross miles..  201 

Net do...  171 

Stadia  distance  run do...  328,5 
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■ 

dumber  of: 

Sfcations  occupied 1, 259 

Angles  read -r 14, 586 

Island  bars  located 319 

Secondary  triangulation  stations  loca  ted - 54 

P.  B.  M'slocAted 43 

•-.~.-       ■'^ 

Dost  of  field  work : 

Labor $1,803.51 

Materials,  supplies,  transportation 423. 10 

$2, 226. 61 

Cost  of  office  work : 

Labor 671.78 

Material,  sundries • 11. 00 

682. 78 

Total  cost  of  survey 2, 909. 39 


^ 


Cost  per  mile : 

Field  work $13.02 

Office  work 3. 99 

Total  average  cost  per  mile  for  171  miles  of  river  surveyed 17. 01 

Very  respectfully,  your  obedient  servant, 

S.  Waters  Fox, 
JHviHan  Engineer, 
First  Lieut.  James  C.  Sanford, 

CwpB  of  Engineers,   U,  S.  J,, 

Secretary  Missouri  River  Commissum, 
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report  of  mr.  samuel  h.  yonge,  division  f^ngineer,  on  8h0re-une  surveys. 

Missouri  River  Commission, 
Office  op  Division  Engineer, 

Kansas  City,  Mo.,  June  20,  1891. 

Sir  :  I  have  the  honor  to  submit  my  report  on  shore-line  surveys  of  the  Missouri 
fiiver,  carried  on^nder  your  direction,  during  the  fiscal  year  ending  June  30,  1891. 

In  compliance  with  instructions  received  from  you  under  date  ot  September  20, 
181K),  an  estimate  of  cost  and  also  of  time  required  for  the  proposed  survey  was 
Bubniitted  under  date  of  September  21,  1890. 

The  necessary  preparations  having  been  made,  by  potting  two  quarter-boats  in 
wrviceable  condition,  organizing  survey  parties,  etc.,  work  was  begun  October  17, 
1890. 

The  survey  extended  from  Weston  Island,  below  "Weston,  Mo.,  to  the  mouth  of  the 
river,  a  distance  of  about  427  miles. 

TTie  total  length  of  river  surveyed  amounted  to  336  miles,  not  including  91  miles 
which  had  been  covered  by  detached  surveys  ma^e  previously,  as  follows,  viz: 

From  the  foot  of  Sharp's  Bend  to  Wellington,  Mo.,  a  distance  of  56  miles,  by  As- 
sistant Grady,  in  May  and  June,  1890;  from  the  head  of  Millers  Island  to  Miami, 
Mo.,  a  distance  of  5  miles,  by  Assistant  Grady,  in  the  summer  of  1890;  from  Miami, 
Mo.,  to  the  head  of  Buckhorn  Bend,  a  distance  of  about  11  miles,  by  Assistant  Craw- 
ford, in  July,  1890;  from  SAline  City,  Mo.,  to  Arrow  Rock,  Mo.,  a  distance  of  7  miles, 
by  Assistant  Crawford,  in  September  and  October,  1889:  from  P.  B.  M.  V  to  a  point 
about  three-fourths  mile  below  Boonville  Bridge,  or  a  distance  of  3  miles,  and  from 
£tlah  to  Dundee,  a  distance  of  9  miles,  by  Assistant  Grady,  in  the  summer  of  1890. 

Four  parties  of  about  20  men  each,  quartered  on  small '  flatboats,  were  employed 
in  making  the  survey. 

The  first  party,  in  charge  of  Assistant  A.  H.  Weber,  left^Kansas  City  October  6, 
and  be^an  work  at  Marion  Mo.,  about  224  miles  below  Kansas  City,  on  October  17. 

It  finished  its  work  on  December  13, 1890,  in  Spring-House  Bend,  135  miles  below 
Marion,  having  surveyed  126  miles  of  river,  9  miles  of  the  distance  having  been  cov- 
ered by  a  previous  survey,  as  stated  above. 

It  immediately  proceeded  to  St.  Louis,  Mo.,  where  it  was  disbanded,  the  quarter 
boat  being  taken  to  Bushburg,  Mo. 
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The  second  party,  nnder  Assistant  R.  A.  Crawford,  left  Kansas  City,  OctoVr  % 
reached  Wellington,  Mo.,  61  miles  below  Kansas  City,  on  October  17.  and  begaoi^ 
wQrk,  which  was  completed  on  reaching  Scarcys  Landing,  139  miles  below  Weiling^ 
ton,  on  December  19.  I 

This  survey  cover<id  112  miles  of  river,  26  miles  of  the  distance  between  thetwi^ 
points  named  having  been  covered  by  previous  surveys. 

I'pon  the  completion  of  the  work  the  quarterboat  was  dropped  to  Jeflferson  OXfi 
from  whence  it  was  taken  to  Bnshbnrg,  Mo. 

Assistant  Crawford's  party  then  proceeded  to  Weston,  Mo.,  reaching  there  <hi  Ht^ 
cember  22,  and  carried  tlie  survey  from  the  foot  of  Weston  Island  to  the  montliaf 
tlie  Kansas  River,  a  distance  of  34  miles,  reaching  the  latter  point  January  13, 18$L, 

The  third  and  f4)urth  parties  were  sent  out  because  it  wiis  thought  that  on  accoaiil| 
of  the  near  approach  of  winter  it  would  be  impossible  for  the  first  two  p»rui9 
t<o  complete  the  survey  to*the  mouth  of  the  river  before  the  latter  would  be  clftiei 
by  ice. 

Tlie  third  party,  in  charge  of  Assistant  R.  F.  Grady,  left  Kansas  Citv  Kovenber 
29,  reached  its  destination,  b^arcy,  about  200  miles  below  Kansas  City,  I)ecembpr^ 
and  completed  the  work  to  Marion,  Mo.,  on  December  19,  having  surveyed  24  milei 
of  river.  -    » 

The  party  then  proceeded  to  Jefferson  City,  where  it  was  disbanded,  and  theqnar 
ter  boat  taken  to  the  winter  harbor  at  Busliburg,  Mo. 

Tlie  fourth  party,  in  charge  of  Assistant  I.  D.  McKown,  began  work  at  the  heftdof 
Spring-House  Bend  December  1,  and  completed  the  survey  to  the  mouth  of  thenrer^ 
a  distance  of  32  miles,  December  27. 

Tlie  party  was  then  disbanded,  and  the  (]^narter  boat  taken  to  Bushburg. 

Inciaental  to  this  work,  a  survey  of  the  river  was  made,  extending  from  theDMwUi 
of  the  Kansas  River  to  the  foot  of  Sharp's  Bend,  below  Kansas  City,  Mo.,  a  distaoefl 
of  about  8  miles. 

Tlie  shore-line  survey  consisted  in  meandering  the  high-water  banks  of  the  river, 
taking  the  topography  for  about  1,0(K)  feet  back  from  each  bank,  and  locating  sand^ 
barn,  islands,  and  steamboat  channels. 

In  surveying  the  shore  lines,  and  in  other  similar  work,  the  stadia  rod  was  nsedf 
the  stadia  transit  lines  being  connected  with  a  ti^rtiary  system  of  triaugulattuOt 
the  stations  of  which  were  located  about  three-quarters  of  a  mile  apart,  aloDg  tke 
river  banks. 

The  tertiary  triangnlation  work  was  carried  on  in  advance  of  the  shore-line  work, 
and  was  connected  by  triangulation,  usually  at  intervals  of  4  or  5  miles,  with  tbe 
stations  of  the  secondary  triangulation  previously  established  on  the  bluffs  of  the 
river  valley  by  Assistant  O.  B.  Wheeler,  wherever  these  stations  were  within  easy 
reach. 

Tlie  coordinates  of  the  stadia  transit  lines  and  the  tertiary  triangnlation  statiou 
were,  as  a  rule,  computed  as  the  work  progressed,  and  corrected  as  to  azimuth  ao4 
position  Avith  reference  to  the  plane  coordinates  of  the  secoudar^ystem. 

As  the  field  parties  were  composed  principally  of  young  men  of  little  or  no  np*- 
rieiice  in  survey  work  and  unskilled  in  the  methods  employed,  much  credit  is  aiM 
the  assistants  in  charge  of  parties  for  the  satisfactory  results  attained. 

The  following  is  a  resume  of  the  Avork  tUuie:  Number  of  tertiary  trlangulatioo  sta- 
tions erected  and  occupied,  869;  number  of  secondary  triangulation  stations  con- 
nt'cted  with  tertiary  system,  71 ;  permanent  bench-marks  connected  with,  77;  nuiul)*! 
of  miles  of  transit  stadia  lines  run  in  locating  river  banks,  islands,  etc.,  918. 

The  total  cost  of  the  field  work  of  the  survey  amounted  to  $12,044.36,  about  $2,28D 
of  which  was  expended  in  getting  the  parties  to  the  point*  selected  for  commencing 
work,  making  the  net  cost  of  the  survey  $9,800,  or  about  $29.17  per  mile  of  ri>'ei 
surveyed. 

During  the  winter  months  the  field  notes  were  platted  on  fifteen  charte,  draws  U 
a  scale  of  1,000  feet  to  1  inch,  all  of  which  work  was  done  at  Kansas  City,  withtlic 
exception  of  Chart  I,  and  parts  of  Charts  II,  IV,  VII,  and  XI. 

^fhe  platting  was  completed  March  18,  1891,  and  the  charts  forwarded  to  jooi 
office. 

The  total  cost  of  the  drafting  done  at  Kansas  City  amounted  to  $1,414. 
Very  respectfully,  your  obedient  servant, 

Saml.  H.  Yongk, 
JJivUion  Engineer, 

First  Lieut.  J.  C.  Sanford, 

Cotys  of  Enffineei'Sy  U,  S,  A.. 

Secretary  Missouri  kiver  Commission, 
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annual  report  of  mr.  i),  w.  wellman,  assistant  engineer^  1891. 

Missouri  River  Combossion, 

St  Louis,  Mo,,  June  SO,  1891. 

Sir:  I  have  the  honor  to  submit  herewith  the  following  report  on  the  permanent 
bench-mark  work  for  tho  ye«ir  ending  Juno  30,  1891. 

TluH  work  extended  from  Sioux  City,  Iowa,  to  Fort  Leavenworth,  Kans.  Actual 
work  in  the  field  wa«  b(';^un  July  3,  1890,  and  ended  November  4.  Ten  days  were 
spent  in  organizing  parties,  procuring  supplies,  and  making  some  needed  repairs  to 
the  quarter  boat^. 

Two  separate  parties  wen^  organized*lbr  the  work,  one  to  locate  the  lines  and  plant 
the  bench-marks,  the  other  to  ascertain  their  elevation  by  carrying  lines  of  levels 
irom  bench-marks  establiKhod  along  the  river  in  1K8()  and  1881. 

The  parties  were  tran8)M)rted  on  two  huuiII  quarter  lioats  which  had  been  used  the 
previous  season  by  parties  engaged  on  the  aerondarytriangulation  above  Sioux  City. 
The  boats  were  propelled  by  Hide'8weeT)8,  and  steered  by  an  oar  at  the  stern.  In 
calm  weather  they  were  easily  handhMl;  but  in  even  a  moderate  wind  they  became 
unmanageable.  At  such  times  they  would  go  ashore  somewhere,  and  we  would 
have  to  wait  until  the  wind  subsided. 

The  bench-marks  were  set  on  lines  running  across  the  valley,  the  lines  being  usu- 
ally about  5  miles  apart  by  the  river  distanoi«. 

Previous  to  starting,  diagrams  showing  approximately  the  proposed  location  of  the 
lines  had  been  made  on  a  set  of  lithograph  mai>s  of  the  river  and  the  scheme  thus 
shown  was  followed  throughout  the  work  aw  nearly  as  w»4s  found  practicable.  Usu- 
ally three  bench  marks  were  set  on  a  line.  In  some  instances,  however,  owing  to  the 
nature  of  the  ground,  only  two  were  placed  on  aline,  and  in  two  cases,  only  one. 
In  one  case  an  entire  line  (No.  136)  was  left  out  for  similar  reasons,  and  also  because 
the  lines  at  this  place  had  been  projected  unusually  close  together;  but  to  avoid  con- 
fusion in  the  notes,  the  lumberings  as  laid  down  on  the  preliminary  diagram  were 
retained,  so  that  in  designating  the  bench-nuirks  only  the  number  of  a  line  will  be 
skipped. 

The  bench-marks  established  were  of  the  type  adopted  and  used  heretofore  by  the 
CommisMon.    Tliey  have  been  fully  described  in  previous  reports. 

In  selecting  sites  for  the  bench-marks,  the  endeavor  was  always  to  get  them  into 
some  yard  or  field  near  a  dwelling,  with  the  owner's  consent.  He  thus  became  a 
sort  of  watchman  and  a  protection  to  them  in  some  degree.  When  this  could  not  be 
done,  they  were  placed,  as  far  as  practicable,  by  the  side  of  some  public  road  or 
fenced  field. 

A  transit  stadia  line,  along  which  topography  wjis  sketched,  was  run  between 
bench-marks,  and  generally  the  lines  throughout  were  straight;  but  sometimes  it 
was  found  necessary  to  make  one  or  more  angles  in  a  line  in  order  to  get  a  favorable 
location  for  a  bench-mark. 

Every  bench-mark,  when  it  was  possible,  was  referred  to  some  point  in  the  Gov- 
ernment land  surveys.  Most  of  the  Hues,  besides,  were  connected  by  a  stadia  line 
with  the  secondary  triangulation,  which  was  at  this  time  being  carried,  on  in  advance 
of  the  bench-mark  work. 

During  the  first  part  of  the  work  the  object  had  in  view  was  to  obtain  information 
by  which  the  lines  and  bench-marks  could  be  laid  down  on  the  large  maps  of  the 
survey  of  1878  and  1879.  In  some  instances,  therefore,  when  this  information  wjis 
obtained  while  running  the  line,  and  when  it  would  involve  considerable  loss  of  time 
to  connect  with  the  triangulation,  the  connection  wsis  omitted.  Toward  the  close  of 
the  season,  however,  tlie  Commission  ordered  a  new  shore-line  survey,  which  was 
to  be  the  basis  for  a  new  map  and  to  which  the  topography  on  the  old  maps  of  1878 
and  1879  is  to  be  transferred.  As  the  principal,  .ind  almost  only,  links  by  which  the 
topography  of  the  old  maps  can  be  connected  with  the  new  is  the  bench-mark  lines 
that  have  a  connection  with  the  secondary  triangulation,  it  will  probably  be  found 
necessary  to  have  the  omitted  connections  yet  made. 

Elevations  derived  from  the  temporary  bench-marks  established  in  1880  and  1881 
were  transferred  to  the  permanent  bench-marks,  all  levels  being  carefully  checked. 
The  checks  were  made  by  each  levelman  running  back  over  his  own  line,  using  new 
turning-pegs  for  his  return  work,  or  driving  down  the  old  ones  before  using  them. 
In  this  way  no  close  comparison  could  be  made  between  first  and  check  lines  until 
the  starting  point  was  reached.  The  requirements  were  that  the  two  lines  should 
agree  withm  O'.OIO  in  a  distance  of  1  mile.  The  results,  which  have  been  given  in 
the  weekly  reports,  and  which,  in  most  cases,  were  even  better  than  the  require- 
ments, show  that  great  care  was  exercised;  and  the  subse(|uent  reduction  of  the 
^otes  coi^firxns  the  belief  that  reliance  may  be  placed  on  the  work. 
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It  waA  found  during  the  first  month  that  the  level  party,  which  Consisted  of 
levelmen  and  necessary  assistants,  was  steadily  falling  hehind  the  loca.ting 
On  the  1st  of  August,  therefore,  a  third  level  was  added.    This  enabled  the  "putfi 
more  nearly  keep  pace  with  the  location. 

During  the  summer  of  1889.  thirty -five  permanent  bench-marks,  on  lines  83  to  I 
both  inclusive,  were  establisned  and  their  elevations  determined  under  the  dii 
tion  of  Division  Engineer  8.  W.  FoiC ;  hut  they  were  left  nnlocated  except  in  qit 
general  terms.  These  lines  were  therefore  located  by  us  in  the  same  manner  as  M 
other  lines,  namely,  by  measuring  between  bench-marks  and  connecting  the  liittf 
with  the  tri angulation.  While  this  work  was  in  progress,  the  level  parties  finitbBii 
work  above,  and,  passing  over  the  space  covered  by  these  lines.  Joined  the  locsluf  j 
party  near  the  end,  both  parties  finishing  the  season's  work  about  the  same  tima. 

The  work  accomplished  was  as  follows : 

River  covered,  x\ot    including  that    covered   by   Division    Engineer   Fox's 

work miles..  906 

Including  Fox's  work do 384 

Bench-mark  line  and  connection  with  the  triangulation do 337. 3j 

Levels  run  and  checked do 382.8 

Number  of— 

bench-mark  lines  established 48 

permanent  bench-marks  8et 138 

permanent  bench-marks  located  (previously  established  by  Division  En- 
gineer Fox) 35 

The  cost  of  the  field  work,  not  including  cost  of  stone  and  pipe  and  quarter  boali  '| 
was  as  follows : 

Payrolls $5,4ei» 

Subsistence  stores  purchased  on  vouchers $1, 134. 97 

Purchased  on  so-called  subsistence  vouchers 175. 00 

1,309.97 
Deduct  for  stores  transferred  to  Division  Engineer  S.  H.  ¥onge. .        162. 62 

I,ft7.35 

Tools  and  other  supplies 178^81 

Traveling  expenses 28L90 

Total .' 6,82i« 

The  number  of  rations  consumed  was  3,680;  cost  per  ration,  $0,312. 

Sixteen  days  were  spent  in  locating  the  permanent  bench  marks  established  by 
Division  Engineer  Fox  in  1889. 

Cost  for  the  16  days,  about  $437.  This,  deducted  from  the  total  cost,  gives 
$6,387.94  as  expense  in  the  field  of  establishing  complete  the  128  permanent  bench- 
marks, not  incluiling  cost  of  stone  and  pipt^  and  quarter-boats. 

Cost  per  mile  of  river  (306  miles) $2a«7 

Cost  per  B.  M.  line 133108 

Cost  per  permanent  B.  M '- 4&67 

About  eight  days  were  lost  on  a<?count  of  wind,  which  prevented  the  qnart-er  boat 
from  being  moved,  and  4  days  on  account  of  rain. 

Of  the  41  bench-marks  of  1880  between  Sioux  City  and  Omaha,  only  one  coultib© 
found,  and  that  one  (a  few  miles  above  Blair,  Nebr.)  had  the  appearance  of  haTii|7 
been  tampered  with,  and  was  not  used,  except  to  test  its  elevation  in  passing.  A 
difierence  of  0.676  foot  was  found  between  its  elevation,  as  established  in  1880,  »d'j 
the  elevation  as  carried  down  from  Sioux  City  by  the  party  last  season,  the  elevatkn 
1880  being  that  much  higher. 

Of  the  156  bench-marks  of  1880  and  1881,  between  Omaha  and  Fort  Leavenwortii. 
search  was  made  for  47.  Of  these,  33  were  found  intact,  7  had  been  destroyed,  3  hia 
rotted  out,  and  4  could  not  be  found. 

Of  those  found,  10  were  on  foundations  of  buildings  or  bridges,  7  on  elm  tre 
bolts  in  rock,  3  on  black-walnut  trees,  3  on  cottonwood,  3  on  oak,  1  on  maple,  1  on 
and  2  gas-pipe  in  cement.  Of  those  rotted,  2  were  on  black-wii;lnut  trees  and 
cottonwood. 

No  old  bench-marks  of  1880  and  1881  were  looked  for  between  White  Cloud,  Ki 
and  Atchison,  that  portion  being  covered  by  the  work  done  by  Division  Engiuee: 
in  1889. 

Since  the  close  of  the  field  work  the  bench-marks  have  been  plotted  on  the  i 
maps  of  the  survey  of  1878  and  1879,  and  the  topography  along  the  lines  sketehe 
pencil. 
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The  level  notes  have  been  reduced^  and  elevationfly  referred  to  the  bench  mArks  of 
1880  and  1881,  ascertained. 

Two  independent  reductions,  by  different  parties,  have  been  made  of  the  notes  of 
th(^  work  .below  Omaha,  with  identical  results. 

Between  Omaha  and  Sioux  City  three  separate  reductions  have  been  made,  and 
some  slight  differences  in  the  first  two  reductions  satisfactorily  explained. 

The  method  used  in  the  reduction  was:  First,  to  find  the  difference  in  elevation 
between  twopointsas  shown  by  the  first  level  line ;  second,  find  the  difference  as  shown 
by  the  check  levels  run  in  the  opposite  direction ;  then,  as  a  rule,  take  the  mean  of 
the  two  differences  as  the  true  difference  of  elevation  between  the  points.  •  These 
d  i  fiVrences,  added  to  or  subtracted  from^as  the  case  may  require — ^the  known  elevatiou 
of  the  starting  point,  ^ves  the  true  elevation  for  all  points  on  the  line. 

The  accompanying  table  shows  the  elevation,  referred  to  the  St.  Louis  City  Direc- 
trix, of  the  permanent  bench-marks  established  during  the  season;  it  also  shows  the 
difference  in  elevation  of  consecutive  bench-marks. 

Bench-marks  ^  to  ^2^,  both  inclusive,  are  omitted  from  the  table,  their  elevations 
having  been  determined  by  Division  Engineer  Fox  and  published  in  the  report  of  the 
Cooimission  for  1889. 

The  origin  of  the  levels  by  which  the  elevations  have  been  determined  is  the  old 
bench-marks  of  1880  and  1881,  the  elevations  of  which  are  shown  in  the  table  in 
parentheses.  The  elevation  of  each  permanent  bench-mark  is  derived  from  that  of 
bench-mark  of  1880  or  1881,  shown  next  preceding  it  in  the  table,  except  from  ^^  to 
H';  whose  elevations  are  derived  from  B.  M.  466  "A"  a  of  1880,  which  appears  near 
the  bottom  of  the  table. 

A  list  of  the  permanent  bench-marks  established  during  the  teason,  ae  well  as. 
those  established  by  Division  Engineer  Fox  in  1889,  with  elevations  and  description 
of  their  location,  is  also  submitted. 

In  regard  to  the  discrepancy  found  at  the  old  bench-mark  of  1880  herftiube- 
fore  mentioned,  it  is  probably  due  to  a  difference,  more  or  less  great,  to  be  expef'te<l 
between  two  lines  of  levels  run  and  checked  by  different  methods  over  a  difltance  of 
90  and  189  miles,  respectively.  The  distance  run  in  1880  from  Sioux  City  to  the  point 
in  (question  is  about  90  miles,  the  run  being  all  on  one  side  of  and  along  the  river, 
while  last  season,  the  levels  being  carried  through  all  the  bench-marks  between  the 
same  points,  the  distance  was  189  miles. 

In  1880  the  levels  were  checked  by  a  second  level  following  the  first,  both  running 
on  the  same  turning  pegs,  and  comparing  results  at  short  intervals.  A  reference  to 
the  notes  of  that  work  shows  that,  starting  together,  their  elevations  gradually  ran 
apart  until,  at  the  end  of  46  miles,  that  by  the  first  level  was  0.092  foot  higher  than 
that  of  the  second ;  at  53  miles  the  first  level  was  0.O46  foot  lower  than  the  second ; 
and  at  62  miles,  again  0.019  foot  higher. 

By  this  method  of  checking  it  is  doubtful  if  unbiased  results  can  be  obtained.  Two 
levelmen,  finding  that  they  are  running  apart,  will,  however  honest  they  may  bo  in 
intention,  unconsciously  squeeze  their  work  in  the  wished-for  direction. 

By  the  method  of  each  levelman  running  over  his  own  work  in  the  opposite  direc- 
tion personal  ec|[uation  is  eliminated,  which  is  not  the  case  in  the  former  method ;  and 
if  care  is  used  in  the  manipulation  of  the  instrument  the  results  ought  to  approxi- 
mate to  accuracy.  It  would  seem,  therefore,  that  of  the  two  results  nere  compared 
that  of  the  past  season  should  be  given  preference. 

Wherever  the  words  bench-mark  or  letters."  B.  M."  are  used  in  this  report  refer- 
ence is  made  to  the  permanent"  bench-marks,  which  are  designated  fractionally,  the 
mimerator  standing  for  the  number  of  the  bench-mark  line,  counting  from  the  mouth 
of  the  river  up,  and  the  denominator  for  the  number  in  the  line,  counting  from  the 
one  on  the  right  bank  farthest  from  the  river.  The  old  bench-marks  from  which  ele- 
tations  are  derived,  when  mentioned,  are  distinguished  by  the  years  1880  or  1881. 

The  level  work  was  under  the  immediate  charge  of  Capt.  I.  D.  McKown.    I  take 
pleasure  in  testifying  to  his  zeal,  energy,  and  general  efficiency. 
Very  respectfully,  your  obedient  servant, 

D.  W.  Wbllman. 
Aasiitani  En^neer, 

But.  J.  C.  Sanford, 
Secretary  Missouri  Biver  Commission. 

BNG  91 ^239 
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Descr^tiims  and  elevtiiionH,  referred  to  the  St,  Louis  City  directrix^  ofwrmanent  henA- 
marls  between  Fort  Leavenworth,  /^ana,^  and SioHjr  City j  Iowa,  eatablUhedin  the  summer 
of  ISOO,    DUtanoet  alwve  mouth  from  survey  of  1879, 


P.  S.  bL, 


Woston. 

■  I 

V 

Kickapoo. 

V 
V 


Mills. 


Oak 
laton. 


Walnut  Creek. 


Atchiaon. 
V 


V 


V 

V 


"a* 

KushvlUe. 


V 


Pai:^o. 
V 


Description. 


Elerm. 
tioB. 


Alraat  2|  miles,  meMminff  alonrthe  bluff,  above  tbe  Cbioago, 
Kock  IslaDd  and  Pacific  Kaifroad  Bridse  at  Kort  Leaven- 
worth, at  south  fence  of  riebt  of  way  Missouri  Pacific  Rail- 
road, and  350  feet  west  of  head  block  of  siding.  House  of 
George  Bnchanfln,  on  Kickagoo  Island,  bears  N.  40^  E. 
(maje;.)  about  2,300  feet 

On  Kickapoo  Island,  510  feet  west  of  southwest  corner  of  sec. 
36,  on  laiod  owned  by Anderson 

At  WeHton,  Mo.,  on  Eoinsas  City,  St.  Joseph  and  Council 
Bluff  Railrnad  depot  ground,  14  ^eet  east  of  northeast  comer 
of  depot  buUding 

At  Kiokapoo,  Kans.,  on  west  side  of  ravine,  40  feet  from 
small  stream  in  ravine  86  feet  south  of  Missouri  Pacific  tres- 
tle bridge,  (jeorge  Shazp's  house  bears  S.  88<>  W.  (mag.) 
130  feet  distant 

On  left  bank,  about  1^  miles  N.  3(Uo  E.  (mag.)  from  V  <>■>  south 
side  of  east-and-west  road,  700  feet  east  of  northwest  corner 


FuL 


of  N  W.  i  of  SW.  \  sec.  «,  T.  53,  R.  36  W 

pn  continuation  of  line  V  to  V  <^t  south  right-of-way  fence 
Kansas  City,  St.  Joseph  and  Council  Bluff  Railroad,  760  feet 
west  along  railroad  track  from  east-and-west  lane,  which 
lane  is  on  line  through  center  of  sec.  4,  T.  53  N.,  R.  56  W 

At  Oak  MiUs,  Kans.,  m  yard  of  John  Davltz,  19  feet  east  of 
his  store  

At  latan,  Mo.,  on  small  knoll,  55  feet  north  of  Kansas  CHty, 
St.  Joseph  and  Council  Bluffs  Railroad  track,  on  south  side 
of  wagon  road  along  bluff.  Railroad  depot  bears  S.  61o  lO' 
E.  (mag.)  338  feet  distant 

About  A\  miles  above  Oak  Mills,  Kans.,  near  south  line  of 

•  sec.  28,  T.  6  S.,  R.  21  £.  is  136  feet  S.  18°  40'  E.  (mag.)  from 
center  Missouri  Pacific  bridge  over  WiUnut  Creek,  at  foot 
of  bluff 

On  left  bank,  at  foot  of  bluff  1  mile  south  of  Sugar  Lake  Sta- 
tion. Kansas  City.  St.  Joseph  and  Council  Bmffs  Railroad, 
236  feet  N.  63}°  W.  (mag.)  f^m  J.  P.  Coleman's  house,  1,445 
feet  N.  20°  20'  £.  (mag.)  from  center  sec.  2,  T.  54 N.,  R.  37  W. 

At  Atchison,  Kans.,  on  west  side  of  Gillespie  street,  710  feet 
south  of  its  intersection  with  Park  street 

One  and  one-half  miles  east  of  Winthrop,  Mo.,  339  feet  south 
of  comer  sees.  19,  20,  29,  30,  T.  55  N.,  R.  37  W 

About  'A\  miles  east  of  Winthrop,  Mo.,  at  foot  of  bluff  near 
north  line  of  sec.  27,  T.  55  N.,  R.  37  W.,  284  feet,  N.  37^°  E. 
(mng.)  from  house  of  Ben  Moore 

About  2^  miles  along  railroad  track  below  Doniphan,  Kans., 
1,460  feet  above  residence  of  Mrs.  Scott,  67  feet  west  of  rail- 
road track,  at  f«>ot  of  bluff 

On  left  bank,  21  miles  S.  77^°  E.  (mag.)  fVom  V  on  south  side 
of  wagon  road,  opposite  house  of  Melvin  Pendergrass.  It 
is  T39  feet  west  of  the  east  i  post  of  sec.  9,  T.  55  N.,  R.  37  W. 

On  south  side  of  Ruahvillo,  Mo.,  at  foot  of  bluff  on  east  side 
of  wagon  road,  154  f(H)t  sbuth  of  its  intersection  with  branch 
of  Rock  Island  Railroad 

About  2  miles  below  Geary  City,  Kans.,  at  foot  of  bluff  on 
west  side  of  wagon  rood,  and  ld5  feet  S.  80<'  W.  (mag.)  from 
school liouse.     The   SK.  comer  of  NE.*  \  sec.  3  bears  N. 

854°  E.  (mag.)  1,650  feet  distant 

On  left  bank,  about  2  miles  below  Hall*s  Station,  Kansas 
City,  St.  Joseph  and  Council  Blufl^  Railroad,  on  side  of  bluff, 
51  feet  south  of  road  running  along  bluff,  and  opposite  end 
of  north  and  south  road  running  toward  the  bluff.  It  is 
about  15  feet  higher  than  the  bottom  lands 

Two  and  one-quarter  miles  along  bluff  above  Geary  City, 
Kans.  Is  near  north  line  of  sec.  30,  T.  4  S.,  R.  22  E.,  and 
about  600  feet  west  of  the  north  \  i>ost  of  section.  Is  87  feet 
north  west  from  small  road  bridge  at  foot  of  bluff 

Is  2,000  feet  northeast  of  Kenmoor  Station,  on  (Jhioago,  Rock 
Island  and  Pacific  Railroad,  about  250  feet  northeast  of  house 
of  Warren  Samuels.  Is  in  northeast  comer  sec  28.  T.  56  N., 
R,36W , 

In  Palermo.  Kans.,  98  feet  northeast  of  house  of  Dr.  Harring- 
ton   

On  left  bank,  3}  miles  down  the  railroad  from  the  Hannibal 
and  St.  Joseph  Railroad  bridge,  at  St.  Joseph,  Mo.,  one-half 
mile  east  of  the  railroad,  304  feet  southwest  f^m  house  of 
Nelson  Hawley.  It  is  near  quarter  post  on  north  side  of 
sec  12,  T. 56  N.,  R36W 


*  There  is  some  uncertainty  about  this  comer. 
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Deaoriptions  and  elei^atians  of  hefK^-marks  on  the  MUsouri  Biver,  etc, — Contiuaed. 


X  •  B«  jSi» 


Watneuo. 
V 


St  Joseph. 

Uuitetl  HUtes  boat 
yard. 


CommtDgs  Landiifg 


V 

Mt.  Vernon. 


V 

Forbes. 


Wolf  Creek. 
V 


Iowa  Point. 


WhU«  GloQcl. 


In  town  of  Wathena,  Kans.,  on  west  line  of  Bryant  street  at 
intersection  with  alley  south  of  St.  Joseph  street 

On  right  bank,  about  2|  miles  east  of  WatQena,Kans.,  on  north 
side  of  wagon  road,  at  corner  sees.  25. 26, 35, 36,  T.  3  S.,  R.  22  E. 

In  city  of  St.  Joseph,  Mo.,  at  northeast  comer  of  Butlett  and 
Duncan  streets,  about  1,100  feet  easterly  from  east  end  of 
Hannibal  and  St  Joseph  Kailroad  bridge 

On  left  banlc  at  United  States  boat  yard,  3  miles  above  St. 
Joseph,  Mo.,  65  feet  below  lower  end  of  United  States  ways, 
a  few  feet  from  top  of  reretment.  It  is  near  the  north  Ime 
of  sec.  1,  T.  57  N.,  K.  37  W.,  about  800  feet  east  of  the  north- 
west comer  of  the  section ."t 

Three  miles  above  Belmont  Kans.,  at  foot  of  blulf,  1,225  feet 
south  of  house  of  Lucas  Fodder,  near  comer  of  sees.  2, 3, 10, 
11,  T.  3  8.,  K.  22  E 

About  3^  miles  above  St  Joseph,  Mo.,  715  feet  north  of  the 
pump  nouse,  St.  Joseph  Water  Works  Co.,  and  65  feet  east 
of  track  Kansas  City,  St  Joseph  and  Council  Bluil's  Rail- 
road  

At  Cummings  Landing,  Kans.,  on  south  side  of  section  line 
road,  430  feet  southe«ust  from  house  of  Nathan  Miller.  It  is 
128  feet  west  of  the  southeast  corner  of  the  SW.  i  of  SE.  4, 
sec.  21,  T.  2  S.,  R.22E 

On  left  bank,  about  2  miles  below  Ama£onia/iMo.,  on  south 
side  of  east-and-west  road,  380  feet  northeast  of  north  end  of 
Kansas  City,  St.  Joseph  and  Council  Blufts  Railroad  trestle 
bridge  over  Dillon  Creek  in  NW,  J,  sec.  7,  T.  58  N.,  R.  36  W. 

On  left  bank,  about  2^  miles  westof  AmaBoni»,1^Io..  l,380feotN. 
iy>  30'  W.  (mag.)  from  houseof  A.  Rencer.  It  is  145  feet  eastof 
NW.  corner  of  SW.  ^  of  SW.  J,  sec.  34,  T.  59  N.,  R.  36, W 

About  2^  miles  northwest  of  Auuu&onia,  Mo.,  at  foot  of  bluflT, 
525  feet  north  of  Kansas  City,  St.  Joseph  and  Council  Bluffs 
Railroad,  156  feet  S.  81^^  45'  K  (mag.)  from  house  of  Louis 
Payne,  near  center  of  8ec.27,T.5»N.,R.36  W 

About  2  miles  below  Charleston  City,  Kans.,  at  foot  of  bluff, 
about  50  feet  east  of  small  ravine.  Is  about  12  feet  in  eleva- 
tion higher  than  the  bottom  land.  It  is  in  SW.  i,  sec.  24,  T.  2 
S..  R.2lJi: 

On  rieht  bank,  about  three-fourths  of  a  mile  north  of  Vi  on 
north  side  of  wagon  road,  in  edge  of  small  orchard,  140  feet 
southeast  from  house  of  K.  S.  Jennings,  860  feet  west  of  cen- 
ter sec.  13,  T.  2  S..  R.  21  E 

About  2k  miles  weat  of  Nmlaway,  Mo.,  on  small  mound  on  point 
of  bluff*,  90  feet  north  of  Kansas  City,  St.  Josejth  and  Council 
Bluffs  Railroad,  25  feet  east  of  small  log  cabin  at  mouth  of 
narrow  valley  ami  opposite  siding  for  loa4linj;  wood 

At  Mt.  Vernon  Landing,  at  lower  point  of  blnn  where  it  turns 
up  the  valley,  60  feet  Irom  river  bank,  500  feet  above  themouth 
or  Musquito  ('reek 

On  left  bjiuk,  4,270  feetN.  7«)o  E.  (mag.)  from  V.  on  north  side  of 
road  running  along  old  river  bank,  700  feet  east  of  house  of 
James  L.  Wilson,  near  north  and  south  half  section  line  run- 
ning through  sec.  0,  T.  58  N.,  R.  37  W 

On  north  sicie  of  Kansas  Cil^,  St  Joseph  and  Council  Bluffs 
Railroad,  1,450  feet  west  of  depot  at  Forbea,  Mo.,  10  feet  north 
of  right  of  way  fence 

In  the  woods,  at  foot  of  bluff,  about  three-fourths  of  a  mile 
below  the  month  of  Wolf  Creek,  in  NE.  i  sec. »,  T.  2  S.,  R.  20 
K.,  approximately  1,000  feet  west  of  the  east  line,  and  600  feet 
soufn  of  north  line  of  thesiHition 

On  left  bank, about  1^  miles  N.22o  E.  (mag.)  ftt»m  *i\:mfe^t 
southciMTt  from  house  of  (ieorge  (^ick,  200  f'f4«t  east  of  section 
line  rowl.  1,468  feet  N.  0°  15'  E.  (mag.)  from  SW.  corner  sec. 
22,T.59N.,  R.38  W 

Aliout  4^  miles  west  of  Forbes  Station  on  KHnBaa  City,  St. 
Joseph  and  Council  Blufls  Railroad,  at  foot  of  bluff,  125 
feet  north  of  railroad.  It  is  2,860  feet  east  of  east  end  of 
platform  at  Curzon  Switch,  435  feet  southeast  of  house  of  J. 
Elder,  near  south  line  of  NE^i  sec.  15,  T.  50  N.,  R.  38  W . . . . 

At  Iowa  Point,  Kans.,  at  northwest  comer  of  Main  and  Com- 
mercial streets 

About  li  miles  southeast  of  Forest  City,  Mo.,  at  foot  of  bluff, 
600  feet  east  of  Kansas  City,  St.  Joseph  and  Council  Bluffs 
Railroad,  50  feet  west  of  nouse  of  W.  F.  Davis.  It  is  near 
the  center  of  sec.  4,  T.  SON.,  R.38  W 

In  White  Cloud,  Kans.,  in  northwest  comer  ot  dooryard  of 
Charles  Osgood,  on  south  side  of  Main  street,  150  feet  Ivest 
of  west  line  of  Second  street 

On  lea  bank,  U  miles  K.  27^°  £.  (mag.),  from  V.  at  side  of 
road,  325fe«t  east  of  osnter  of  seo.  28,  X.  00  N^  K.  39  W 


Feet 
409.311 
398.586 

407. 035 


403.000 
407.977 


407. 182         495. 0 


Above 

the 
mouth. 


MU4t. 


479.5 


487.7 


442. 237 


417. 034 
442. 237 


415.663 

420. 431 

422.370 

418. 602 

340. 62*2 
432.  002 

422. 607 
441.185 

426. 641 

422.904 

434. 781 
44L22B 

449.024 

47L045 
481. 339 


502.8 


502. 8 


508.5 
51.'>.  0 


520. 0 


521.0 


630.8 
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P.li.M. 


V 


V 


V 


Ilnlo. 


99 

■a 


i»a 


J9Q 


9 


jna 


101 

St.  Dcroiii. 


xna 


Jg3 

Nemaha  City. 


Description. 


Od  lino  from  i*/  to  V  produi-cd,  and  5,782  feet  distant  from  V 
at  east-and-west  rcnce,  97  feet  west  of  fence  <'omer.  It  is  in 
SW.  i  sec.  22,  T.  60  N.,  3{.  30  W.,  about  230  feet  N.  2:P  E. 
(mac.)  from  southwest  corner  of  section  on  land  owned  by 
A.  W.  Van  Kam]^) 

About  one-half  milo  north  of  State  line  between  Kansas  and 
Nebraska,  at  foot  of  bluff,  at  north  side  of  wide  ravine.  It 
is  132  feet  west  of  railroad  on  small  plateAli  (former  8it«  of 
farm  house),  86  feet  from  a  magnificent  elm  tree  3  feet  in 
diameter 

On  left  bank,  1|  miles  from  V,  on  east  side  of  nortb-and-south 
road,  990  feet  south  o*Nw.  corner  of  see.  17,  T.  60  N.,  R.  39 
W.    Land  owned  br  Phillip  Davis 

About  1^  miles  from  y,  ^  fence  comer  on  south  side  of  east- 
andwest  road,  1,320  feet  east  of  NW.  comer  of  sec.  9,  T.  60 
Nm  R.  39  W.,  240  feet  east  of  house  of  William  Allkrie 

At  Knlo,  Nebr.,  in  doorvard  of  John  StuU,  at  west  side  of 
Commercial  street,  ana  170  feet  south  of  south  line  of  Stut- 
zen  street,  about  1,500  feet  below  railroad  bridge 

On  left  bank,  1{  miles  from  **/«  on  west  side  of  north-aud-sonth 
roiid  and  400  feet  north  of  B.  Sc  M.  K^iilroad,  about  7,60O> 
feet  from  east  pier  of  Rulo  bridge 

About  seven-eigiitlis  mile  from  ",*.  in  NE.  ^  sec.  28,  T.  61  N., 
R.  40  W.-^n  west  side  of  uortn-and-south  road,  150  feet 
north  of  SE.  comer  of  SW.  J  of  N  K.  i  of  section.  It  is  33 
feet  north  of  schoolhouse,  district  No.  59 

Three  mil»  below  Arago,  Nebr.,  in  woods  at  foot  of  bluff,  4 
feet  south  of  fence  on  north  line  of  sec.  30, T.  1  N.,  R.  15  E., 
1,330  feet  N«  2°  E.  (mag.)  from  R.  K.  Durfee's  brick  dwelling 
house .• 

On  left  bank,  1^  mile  from  river  bank,  on  west  side  of  north> 
anu-south  road,  1,500  feet  south  of  NE.  corner  sec.  3,  T.  01 
N.,  R.  40  W.,  on  land  owne<l  by  David  Perkins 

Is  5,660  feet  from  ^,  on  oast  side  of  north-aud-south  road,  50 
feet  north  of  SW.  comer  sec.  36,  T.  62  N.,  R.  40  W.  Land 
owned  by  Edward  Vest 

In  Arago,  Nebr.,  in  comer  of  doorvard  of  Charles  Strieker, 
south  side  of  Main  street,  820  feei  from  river 

On  left  bank,  about  1^  miles  N.  45°  E.  (mag.)  from  *f  *,  on 
east  side  of  north -and -south  road,  'Mi  feet  south  of  W.^ 

Sost  of  sec.  21,  T.  62  N.,  R.  40  W.,  in  southwest  oornor  or 
oory ard  of  Henry  Voltmers 

One  and  one-quarter  miles  from  ^5^,  790  fc«'t  north  of  corner 
8e<'s.  15,16,21,22,  T.62  N.,  R.  40  W.,  on  wcHt  side  of  north- 
and-soutb  licdge  fence.    Land  owned  by  (ieorge  Voltmers  . . 

About  4}  milcH  above  Arago,  Nebr..  at  foot  of  bluff,  at  side 
of  wagon  road  loiiding  from  river  up  niirrow  valley.  300  feet 
above  mouth  of  creek,  120  feet  from  the  river.  Ijargo  house 
one- fourth  mile  up  the  valley  belongs  to  ('ottier 

On  left  bank,  opposit«  -^f^,  alM)ut  2  miles  distant,  on  section 
line,  1,036  feet  north  of  SW.  corner  sec.  31,  T.  63  N.,  R.  40 
W.,  on  land  ownotl  by  William  Fork 

On  continuation  of  line  *?"  to  ^^'^  and  seven-eighths  mift)  from 
'§',  on  we*t  side  of  north -anil-south  road,  562  feet  north  of 
SE.  comer  of  S  W.  i  of  NE.  i  sec.  31,  T.  63  N.,  R.  40  W.,  on 
land  owned  bv  Dr.  Anderson 

At  St.  Deroin,  Webr.,  in  soutlieastcomerofilooryard  of  Allen 
Woodring,  at  west  side  of  Nebraska  street,  450  feet  from  the 
river  bauR 

On  left  bank,  1^  miles  N.  13°  E.  (mag.)  from  ^$',  on  north  side 
of  eiist-aud-west  road,  246  feet  west  of  SE.  comer  of  SW.  J 
sec.  6,  T.  63  N.,  R,  41  W.  It  is  180  feet  N.  64io  W.  (mag.) 
from  Lincoln  schoolhouse 

About  1  mile  northeast  from  ^S'*  »*•  f"Pnce  comer,  at  ton th west 
angle  formed  by  intersection  of  enst-and-west  and  north-and- 
south  romls,  one-fourth  mile  west  of  SE.  comer  sec.  32,  T. 
64  N.,  R.  41  W.    Land  owned  bv  F.  W.  Walters 

Throe  miles  above  St.  Deroin,  at  Hillsdale,  Nebr.,  in  southeast 
comer  of  doorvard  of  L.  J.  Slagle,  24  {oet  north  of  his  house 
on  west  side  or  north-and-soutn  road,  440  feet  from  river . ... 

On  left  bank,  in  dooryard  of  E.  Rosenbaugli,  685  feet  east  of 
SW.  comer  of  SE.  ^  sec.  24,  T.  64  N.,  R.  42  W.,  on  north  side 
of  east-and-west  road 

About  three-fourths  mile  above  Nemaha  City,  Nebr.,  at  foot 
of  bluff,  100  feet  west  of  B.  &.  M.  Railroad  track,  in  yard  of 
premises  owned  by  William  Hoover 

On  left  bank,  1|  miles  from  *f '>,  on  east  side  of  north-aad-eonth 
road,  740  feet  north  of  SW.  comer  of  N£.  k  see.  27,  T.  64  N., 

B.4dw 


Eleva- 
tion. 


Above 

the 
mouth. 


FeeL       MUa. 

430.255 

465. 814 

435. 6»4 

434.798 

445.81.'>         542.0 

442.949  ! 


I 


444. 762 


452.886 
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494.305 

448.742 

492.817 

552  0 

458.208 

454.126 

461.250 

558.3 

457. 197 

459.563 

465.474 

5618 

463.625 

462.797 
477.208 
468.502 
462.825 
47a  197 


5  ).l 


6  L7 
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r.B.M. 


S9« 


Browitvillc. 


Phelps. 
SoDora  islaiul. 


Sonora. 
Peru. 

19* 


S89 


If  lAHOiiri  and  Iowa 
Stale  Liuo. 


'S* 


iio 


i5« 


Description. 


Hi 


Kcbraalca  City. 


Hi 


i\ 


Kebraaka  City. 


IK 

Walnnt  Creek 


Xli 


iia 
Wyoming. 

ai9 


*• 


XJ4 

Jones  Point. 


il« 


About  seven-eighths  mfle  east  of  ^"^  1,344  feet  east  of  west  ^ 
post  of  sec.  20,  T.  64  N.,  K.  42  W.,  in  dooryard  9f  premises 
owned  by  T.  W.  Wilker 

At  Brownville,  Nebr..  at  northwest  corner  of  Main  street  and 
Levee,  122  feet  northwest  ^oni  railroad  depot 

On  left  bank.  780  feet  west  of  NE.  corner  of  SE.  i  sec.  :U,  T.  47 
X.,  K.42  W.,at  south  side  of  ea»t-and-west  road,  in  door- 
yard  of  B.  A.  DeBuhr 

At  town  of  Phelps,  Mo., in  !NB.  corner  of  the  Methodist 
Church  yard,  at  north  end  of  Main  street 

Ab<iut  4  nulca,  measuring  along  the  railroad  above  Brownville, 
Ntibr.,  1,650  feet  west  of  rauroad,  at  foot  of  bluff,  &0  feet 
north  of  Honey  Creek,  190  feet  east  of  Henry  Coles'  house, 
in  fence  corner  where  road  turns  west 

On  left  bank,  1  mile  from  the  river,  opposite  hea<l  of  S<mora 
Island,  in  corner  of  bam  yard  belonging  to  heirs  of  H.  H. 
Havs.  Is  27  foot  north  of  i  post,  common  to  sees.  3  and  4, 
T.&N.,R.42  W 

In  Pern,  Nebr.,  in  NE.  comer  of  door  yard  of  John  C.  "Wayne, 
on  west  side  of  Fifth  street,  160  feet  north  of  Mull>erry 
street .\. 

On  right  bank.  1|  miles  north  and  one-fourth  mile  east  of  ^^^. 
on  east  side  oi  road  running  through  the  eastern  part  of 
sec.  9,  T.  6  N.,  K.  15  E.,  and  1,202  feet  north  of  hue  through 
the  center  of  the  section,  50  feet  north  of  house  owned  by 
Kobt.  Rader 

About  U  miles  below  Otoe  City  (Minersville),  Kebr.,  at  foot 
of  blun^  in  door  yard  of  promises  owned  by  Mr.  Coe,  66 
feet  west  of  railroad  track,  2,860  feet  below  (south  of)  sec- 
tion house.    Section  hon.so  in  1  mile  below  Otoe  C*ity 

On  left  bank,  on  north  side  of  State  line  road  between  Mis- 
souri and  Iowa,  about  1,2(K)  feet  west  of  cast  line  of  sec.  34, 
T.  67  N.,  K.  43  W.,  in  southeast  comer  of  orchard  belonging 
to  Oliver  Taylor 

Is  6,380  feet  east  of  ^*,  ou  south  side  of  StAte  Lino  road,  in 
southeast  angle  of  fence  formed  by  intersection  of  north-and- 
south  and  ea^t-and-west  roads.  Premises  owned  by  Joseph 
Payne 

About  1^  miles  above  Otoe  City,  Xebr.,  near  NE.  comer  of  SW. 
i  of  SW.  i  sec.  36,  T.  8  N.,  K.  14  E.,  at  west  fence  of  railroad 
right  of  way,  on  premises  owned  by  MoGuiro 

On  left  bank,  3}  miles  above  Hamburg.  Iowa,  300  feet  west  of 
Kansaa  City,  St.  Joseph  and  Council  Bluffs  Railroad  near 
the  SE.  comer  of  sec.  12,  T.  67  K.,  R.  43  W.,  on  north  side  of 
eaat^and-west  road  a  few  feet  west  of  schoolhouae 

About  1  mile  east  of  ^}^,  near  the  comer  of  sees.  7,  8,  17,  18, 
T.  67  N.,  K.  42  W.,  at  northwest  comer  of  inclose<l  pasture 
about  600  feet  S.,  6^°  E.  (mag.)  from  the  house  owue^l  by 
Moses  PUyne 

At  Nebraska  City,  Nebr.,  at  northwest  comer  of  First  street 
and  Central  avenue,  on  lot  owned  by  Nebraska  City  Gas 
Company 

On  left  bank,  opposite  Neliraska  City,  at  United  States  boat 
yard,  70  feet  north  of'  the  ways,  and  90  feet  from  the  river 
bank 

About  3^  miles  above  Nebraska  City,  Nebr.,  at  foot  of  bluff,  900 
feet  from  the  river,  opposite  the  mouth  of  a  small  stream 
known  as  Walnut  Creek,  in  dooryard  of  John  Roddy  on  SE. 
J,  sec.  30,  T.  9N.,  R.  14E 

Ou  left  bank,  2  miles  from>}',  on  west  side  of  north-and-south 
road,  iu  NE.  J  sec.  1,  T.  68  N.,  R.  44  W.,  665  feet  south  of 
uorth  line  of  the  ^^and  500  feet  ea.Mt  of  the  west  line  of  the  i, 
610  feet  south  of  tno  house  of  Paul  Heinlin 

A  half  mile  below  Wyoming,  Nebr.,  180  feet  from  the  river 
bank,  on  small  elevation  in  dooryard  of  Edward  W.  Neligh, 
J60  feet  south  of  small  spring  brook 

On  left  bank,  1|  miles  f^m  ^}^  in  yard  of  Doles  Williams,  75 
feet  south  of  east-and-west  road,  667  feet  west  of  NE.  cor- 
ner of  NW.  J  sec.  30,  T.  69  N.,  R.  44  W 

About  U  miles  east  of  ^^\  in  NE.  corner  of  sec.  30,  T.  69  N., 
R.  43  W.,  in  dooryard  of  F.  E.  Wadhams , . 

At  Jones  Point,  Nebr.,  at  lower  end  of  bluff  where  it  turns 
west,  490  feet  from  the  river  bank,  in  comer  of  Held  15  feet 
south  of  the  road.  It  is  in  SW.  ^  of  sec.  28,  T.  10  N.,  R.  14 
E.  The  southwest  comer  of  the  section  is  about  one-third 
mile  southwest , 

On  left  bank,  alnnit  1)  miles  east  of  '  f  *t  on  east  .side  of  north- 
and-south  road,  810  teet  north  of  SW.  corner  of  sec.  5,  T.  69  N., 
R.43  W 


ElOTf 

iion. 


eva- 


FeeL 

469.661 
492.260 

473.369 
474.876 

485.306 

484.002 
496.161 

487.304 

496.458 

498.838 

492.742 
500.186 

483.023 

491.366 
532.078 
505. 416 

592.690 

612.681 

537.483 

515.754 
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523. 838 
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598.2 


609.0 


815.0 


617.8 


622.5 


3814      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMT. 

DfHcnptions  and  eJeraiions  of  bench-marka  on  the  Missouri  Bicer,  etc, — Continued. 


M* 


ii» 


114 


Rock  'Bluff. 


U* 


»1T 

PlnttHinonth. 


nr 


lit 


111 

riattcRiver. 


Jii 


4» 
Btilleoue. 


Omaha. 

CouDoil  Bluffa. 
i;2 


las 


Rock  port. 


ia« 


I* 


I0  2,550  feet  east  of  1^^,  on  WMt  aide  of  north  and  aonth  road, 
on  wo8t  aide  of  hedgt-  fence,  890  feet  north  of  the  SK.  comer 
ofSW  J»ec.  5,T.(»N.,R.43W 

A  bout  &(  milefl,  measuring  along  the  blnff  above  Jones  Point, 
Nebr..  60  feet  from  the  river,  at  footof-blufl',  at  the  lo-wer 
nule  of  a  nniall  valley,  aboot  200  feet  nouth  of  the  east-and- 
west  4  Meotion  line  through  aec.  33,  T.  11  K.,  R.  U  £.,  on 
south  Hide  of  small  cre^k.  H.  W.  Cory's  house  is  np  the 
valley  about  500  feet 

On  left  bank  1}  miles  from  -^^^  on  east  side  of  north -and-sonth 
road,  and  45  feet  east  of  N  W.  corner  of  ITE.  i  sec.  17,  T.  70 
N..R.43W 

At  Rock  Bluff,  Nebr.,  15  feet  east  of  Uie  NW.  corner  of  second 
and  Main  streets,  in  dooryard  of  R.  Chnrohill 

On  left  bank,  5. 831  feet  nearly  due  east  frotn  -H^t  on  west  aide 
of  road  running  alongan  old  river  bank.  Is  not  far  fhran  the 
oenterof  NE.|of  NE.j8eo.30,T.71  N.,.R.43  W 

About  lj[  miles  east,  and  one-fourth  mile  north  of  ^^,  about 
1. 000  feet  west  of  Kansas  City,  St.  Joseph  and  Council 
Bluffs  Rjiilroad,  880  feet  N.  72°  i^  E.  (mag.)  from  SW.  comer 
of  sec.  21,  T.  71  N.,  R.43  W.,  at  east  side  of  road  ranning 
along  top  of  bank  of  old  lake  bed.  Land  owned  by  heirs  m 
Thomas  Conners 

At  PUttemouth  (Nebr.)  Railroad  bridge,  10  feet  south,  and 
on  line  with  first  trestle  bent  west  of  the  west  end  of  the 
bridge 

On  left  bank,  Ig  miles  east  of  ^{^  on  south  side  of  east-and- west 
road,  128  feet  cast  and  40  feet  south  of  2fW.  comer  uf  sec  31, 
T.  72  N.,  R.  43W.,  in  dooryard  of  Mrs.  Liiiie  Green. 

Is  1|  miles  ea8t  of  ^§',  on  east  side  of  north -and -south  road,  and 
south  side  of  east-and-west  road,  in  yard  of  premiHes  owned 
by  Mr.  ('run,  of  Pacific  Junction.  It  is  near  north  line  of 
sec.  32,  T.  72  N.,  R.  43  W.,  one-fourth  mile  east  of  the  north  4 
post  of  the  section 

About  3^  miles,  measui-ingalon/;  the  blnff,  above  Plattsmouth, 
Nebr.,at  foot  of  bluff,  2,610  feet.  8.45°  50'  E.  (mag.)  from 
NW.  comer  sec.  1.  T.  12  N.,  R.  13  E 

On  left  bank,  about  3|  miles  N.  62°  £,  (mag.)  from  *\;  1|  miles 
from  the  river.  Is  on  west  side  of  north-and-south  road, 
1,010  feet  south  of  NE.  comer  of  aec  12.  T.  72  N.,  R.  44  W^ 
on  land  owned  by  Alvin  Lincoln 

At  Belleone,  >'ebr.,  90  feet  west  of  north  end  of  railroad  at*- 
tion 

On  left  bank,  Ig  miles  east  of  ^p,  one-fourth  mile  east  and  430 
feet  south  of  J»  W.  comer  of  sec.  12,  T.  73  N..  R,  44  W.,  on  the 
east  side  of  old  stage  road,  about  300  feet  north  of  house 
of  J.  C.  Cole 

Is  If  miles  east  of  ^i».  It  is  on  south  line  of  sec.^,  T.  73  N., 
R.  43  W.,  603  feet  east  of  SW.  comer  of  SK  i  of  SE.  J  of  the 
section,  in  dooryard  of  C.  H.  W.  Busse 

Aliout  4^  miles  below  Union  Pacific  Railroad  bridge  at  Omaha, 
Nebr.,  one-fourth  mile  north  of  line  between  Sarpy  and 
Douglas  counties,  200  feet  west  of  B.  &  M.  Railroad,  on  south 
slope  of  narrow  ravino 

In  Omaha,  Nebr.,  in  northeast  comer  of  Union  Pacific  oflioe 
premises,  90  feet  from  oflice  building,  which  is  on  comer  of 
Ninth  and  Famham  streets 

In  Council  Bluffs,  Iowa,  in  southwest  comer  of  county  court- 
house yard 

In  Nortli  Omaha,  280  feet  east  of  railroad  depot,  in  comer  of 
yard  of  Mrs.  I^ouisa  Uillike,  at  comer  of  Sixteenth  street 
and  (larfield  avenue « 

On  left  bank,  at  United  States  boatyanl,near  Council  Blnfll^, 
Iowa,  at  upuer  end  of  ways,  100  feet  from  river  bank 

At  Florence,  Nebr.,  on  ground  of  the  water- works  company, 
betwetm  the  pump  house  and  the  river,  115  feet  fW>m  the 
pump  house 

On  left  bank,  about  3  miles  east  of  Florence,  Nebr.,  at  inter- 
section of  north-und-Houtli  and  east-and-west  roads,  in  the 
northwest  comej-  of  C.  K.  Osborn's  yurd  in  the  SW.  J  of  NW. 
^  sec.  'M,  T.  76  N.,  R.  44  W.,  and  near  the  northwest  comer  of 
the  same 

Near  sito  of  Old  Rookport,  Nebr.,  on  small  plateau  near  edge 
of  bliifi*  about  i  mile  north  of  the  line  between  Douglas  and 
WaHliinj[^on  counties,  Nebr.,  on  the  east  side  of  road 
wjiicli  winds  un  the  hill  on  north  side  of  narrow  valley,  on 
land  of Parker 

On  left  bank,  about  If  miles  east  of  *f'*,  on  south  side  of  road, 
352  feet  8. 79°  55*  E.  (mag.)  l¥om  center  of  sec  0,  T.  76  N.,  R. 
i4  W.,OD  land  owned  by  — ~  Corby 


FeeL 

S1&G76 


S3Q.142        528.2 


Jftl«s. 


626,490 
565.385 


632.062 


«32.4 


638L3 


531.639 
640.030 
63&7M 

638.109 
873.391 


638.780 

668.208  I       6510 


648.206 
655.801 

500.108 

002.663 
677.156 

600.485 
682.154 

500.230 

670.850 

600.706 
670.212 


OGiLd 


m  i 
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Fort  CHlhoun. 


ifS 


De 


Soto. 


>2« 


Blair. 


^F 


It* 


'5" 


2)1 


Biver  Sionx. 


At  Old  Fort  CaUioim,lfebr..  800  feet  south  of  the  site  of  the 
old  fort,  in  comer  of  yard  of  A.M.  Beals.  It  is  650  feet  K. 
1°  W.  (maff.)  firom  south  ^  post  of  sec.  12,  T.  17  N.,  R.  12  E. 

At  De  Soto,  xfebr.,  in  angle  of  east-anil- west  and  D(irth-and- 
south  roads,  abont  250  feet  northeast  from  J.  E.  Markel's 
house  in  SE.  i  sec.  28,  T.  18  N.,  R.  12  £..  890  feet  west  of  east 
line  and  1,300  feet  north  of  south  lino  of  tsection 

On  left  hank,  opposite  De  Soto,  abont  1^  miles  iViim  the  river 
hank.  Is  in  southwest  comer  of  sec.  25,  T.  78  N.,  R.  45  W. 
H.  B.  Hendrick's  house  ia  on  opposite  side  of  road,  about 
200  feet  distant 

In  town  of  Blair,  Nebr.,  in  southeast  comer  of  dooryard  of 
H.  L.  Fisher,  at  corner  of  Seventh  and  Washington  streets. , 

Is  a  mark  thus  a    out  on  top  of  coping,  on  north  end  of  west 

fier  of  Bldr  railroad  bridge 
California  Junction,  Iowa,  in  northwest  comer  of  orchard 
of  A.  W.Smith, abont  750  feet  east  of  depot  at  Cnlifomia 
Junction.  It  is  266  feet  south  of  the  NW.  comer  of  8W.  ^ 
sec.  14,  T.  78  N.,R.46  W 

About  5  miles  north  of  Blair,  Nebr.,  on  SE.  ^  sec.  14,  T.  19  N., 
R.  11  E.,  1,300  feet  north  of  the  southwest  comer  of  the  quar- 
ter. It  is  on  the  base  line  measured  at  that  place  for  the 
secondary  trian filiation,  Missouri  River  survey.  Is  8,790 
feet  west  of  East  Base  station  on  land  owned  by  W.  Tyson. . . 

On  right  bank,  1  mile  east  of  ^f ",  on  same  base  line,  3,417  feet 
west  of  East  Base  station,  on  east  side  of  north -andsouth 
road,  one-fourth  of  a  mile  north  of  south  quarter  post  of  seo. 
13,  T.  19  N.,  R.  11  E.,  one-fourth  of  a  mile"  south  of  W.  Ty- 
son's house 

On  left  bank,  about  3^  miles  northeast  of  ^f",  between  Sol- 
dier River  and  Horse  Shoe  Lake,  on  north  side  of  east-and- 
west  road,  150  feet  west  of  one-quarter  post  lietween  sees.  22 
and  27,  T.  79  N..  R.  45  W 

On  county  line  between  Burt  and  Washington  counties, 
Xebr.,  1  foot  from  stone  marking  corner  of  sees.  22,  23, 26, 27, 
T.20N.,  R.  UE 

On  right  bank,  on  oountv  line,  4,845  feet  due  east  from  *)*,  at 
enclof  private  lane  and  top  of  old  river  oank 

On  left  bank,  opposite  'I*,  2  miles  finom  the  river,  on  west  side 
of  section  line  road  between  sees.  8  and  4,  T.  79  K.,  R.  45  W., 
1,208  feet  south  of  northeast  comer  of  soction  4.  Laxfd  owned 
by  John  Harrington 

Is  4  miles  north  oithe  south  line  of  Burt  Countv,  Nebr.,  abont 
2  miles  from  the  river,  on  soutii  line  of  sec.  iHl,  T.  21  N.,  R. 
12  £.,  1,210  feet  east  of  southwest  comer  of  section  31,  by  the 
side  of  winding  road  on  edge  of  old  lake  or  river  bed 

On  left  bank,  abont  4|  miles  south  of  the  River  Sioux,  Iowa,  108 
feet  north  of  Sioux  City  and  Pacific  R.  R.  track,  in  angle 
formed  by  intersection  oi  east-and-west  and  norih -and -south 
roads,  306feetN.  27<^  W.  (mag.)  from  Joseph  Erunimers  house 

One-half  mile  south  of  the  town  of  Newton,  Burt  County, 
Nebr.,  opposite  River  Sioux,  Iowa,  in  the  SW.  comer  of 
the  N WT  i,  Seo.  12,  T.  21  N.,  K.  11  E.,  on  premises  of  W.  B. 
Newton 

Is  one  mile  east  of  *  ?* .  on  SE.  ^  sec.  12,  T.  21  N.,  R.  11  E..  690 
feet  sonth  of  the  nortneast  oomer,  on  west  side  of  road,  on 

? remises  of  M.  Shafec 
River  Sioux,  town,  at  west  fence  of  right  of  way  Sioux 
City  and  Pacific  Railroad,  1,260  feet  south  of  railroad  depot 

Near  foot  of  bluff,  10  miles  below  Decatur^ebr.,  30  feet  east 
of  SW.  comer  of  sec.  19,  T.  22  N.,R.ll  £.,  on  premises  of 
Bent.  Gilbert 

On  right  bank,  4  miles  east  of  t^p ,  three-fourths  mile  from 
the  river,  on  east  side  of  north-and-south  section  lino  road, 
between  sees.  22  and  23,  T.22  N.,11. 11  E.,  one-fourlh  mile 
north  of  southwest  comer  of  section  23,  on  premises  of  Peter 
Mar 

On  left  bank,  2,800  feet  fnm  the  river  bank,  in  NE.  ^  seo.  6,  T. 
81  N.,  R.  45  W.,  715  feet  southwest  of  the  northeast  comer  of 
section,  on  west  side  of  road,  opposite  barn  of  M.  Marley... 

About  4|  miles  north  of  River  Sioux,  Iowa,  at  west  right- 
of-wny  fence  of  Sioux  City  and  Pacific  Railroad,  608  feet 
north  ot  south  line  of  Monona  County,  Iowa 

Five  miles  south  of  Decatur,  Nebr.,  on  side  of  bluff,  near  the 
foot,  210  feet  west  of  road  running  along  the  foothills,  on 
north  side  of  sec.  31,  T.  23  N  ,  R.  11  £.,  40  Teet  east  of  north- 
west oomer  of  section,  on  land  of  Stanton  heirSf  one-half 
mile  north  of  Goldoi  Spring  post-office 


Feet. 
661.052 

603.142 

584.812 
663.804 

686.238 
588.833 

604.933 

600.873 

608.290 

600.723 
002.012 

600.238 

611  414 

607.081 

616.772 

617.448 
618.558 

624.249 

618.875 
617.800 
614.868 

689.834 


MiUt. 
690.0 


711  5 


716.3 


728.0 


734.0 
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AS* 


194 

Onawa. 

-?* 
l>ecatur. 


Omaha  Miaslon. 


ia« 


X3« 


s 


Omadi  Creek. 


On  right  bank,  aboat  8  mflea  eaat  of^]',  in  dooiyard  of  C.  A. 
Spracne,  one-fourth  mile  east  of  Nw.  comer  see.  Si,  T.  28  N., 

On  left  bank,  1|  milea  firam  river  bank,  in  aontbeaat  angle 
formed  bj  oroes-roadB,  at  N  W.  corner  of  KE.  i  of  SE.  ^  sec. 
7,T.82K.,11.45  W.    I^d  owned  by  Thortoj  heirs 

About  8  milea  north  of  River  Sioux,  Iowa,  o06  feet  west  of 
Sioux  City  and  raoiflo  Railroad,  4eo  feet  north  of  south  line 
of  the  SE.  4  sec.  9,  T.  82N.,R.45W 

About  ^  miles  south  of  Decatur,  Nebr.,  25  feet  south  of  section 
line  between  sees.  18  and  24,  T.  28  K.,  R.  10  £.,  and  1,485  feet 
west  of  northeast  corner  of  section  24,  on  west  side  of  road, 
at  foot  of  bluff,  on  land  owned  by  J.  B.  Walker 

On  left  bank,  nearly  eaat  of  Decatur,  Nebr.,  2  miles  flrom  the 
river,  on  east  side  of  road,  408  feet  north  of  the  south  ^  post 
of  sec.  7,  T.  83  N.,  R.  46  W.,  in  nrden  of  Wm.  Rice 

In  town  ox  Onawa,  Iowa,  in  church  yard  of  German  Lutheran 
Church,  at  comer  of  G-ranite  and  Maple  streets 

In  town  of  Decatur,  Ifebr.,  in  comer  of  W.  S.  Page's  lot,  on 
west  side  of  Broad  waVi  ^2  feet  south  of  Sixth  street 

On  left  bank,  opposite  Decatur,  Nebr.,  in  N£.  |  sec.  4,  T.  83 
N.,  R.  46  W..  on  north  side  of  road  along  the  south  side  of  the 
quarter,  aaa  one-fourth  mile  west  of  the  southeast  comer 
of  said  quarter 

About  2|  milea  easterly  from  ^*,  on  south  side  of  road,  700  feet 
west  of  comer  to  seca.  26, 20, 86, 88,  T.  84  N.,R.  48  W.,  on 
premises  of  Oscar  Tuttle 

About  6  miles  north  of  Decatur,  Nebr.,  at  foot  of  Blackbird's 
HilL  16  feet  up  fhnn  the  point  where  the  wagon  road  down 
the  hill  turns  down  the  river;  is  about  100  feet  south  of  a 
small  spring  brook 

On  left  bank,  opposite  Blackbird's  Hill,  2^  miles  fromjj^,  on 
east  side  or  section  line  road,  990  feet  north  of  the  S  W .  cor- 
ner of  seo.  7,  T.  84  K.,  R.  46  W.,  490  feet  south  of  O.  H.  Brooks' 
house  

Three  miles  east  and  nearly  one  mile  north  of  ^j^,  on  west 
side  of  section  line  road,  476  feet  north  of  the  SB.  comer  of 
sec.  4,  T.  84  N.,  R.  46  w .,  on  land  owned  by  M.  Crawford. . . 

At  Omaha  Mission,  Nebr.,  near  foot  of  bluff;  on  a  small  spur 
about  8  feet  higher  than  the  bottom  land,  60  feet  fh>m  road 
along  foot  of  blnff^rfkboat  400  feet  northeaat  from  the  mission 
house '. 

On  left  bank,  opposite  Omaha  Mission.  2  miles  from  ^f",  on 
east  side  of  section  line  road,  1,068  feet  north  of  west  k  post 
of  sec.  22,  T.  85  N.,  R.47W.,  in  dooryard  of  Georffe  Nelson. 

On  continuation  of  line  H*  to  ^f ,  6  miles  from  ^j*,  at  west 
right-of-way  fence  of  Sioux  City  and  Pacific  Railroad,  2,410 
feet  south  of  the  north  line  of  sec.  0,  T.  86  N.,  R.  46  W 

Near  the  south  line  of  the  Winnebago  Reservation,  Nebr., 
where  it  oomes  to  the  river,  86  feet  back  flrom  the  edge  of  the 
bluff,  360  feet  north  of  a  spring  brook.  Bench  mark  is 
about  50  feet  hfgher  than  the  Dottom  land 

On  the  left  bank,  opposite  >^p,  on  west  side  of  north-and-south 
road,  M70  feet  south  of  the  NE.  oomer  of  seo.  26,  T.  86  N., 
R.  47W 

Is  6,505  feet  north  of  railroad  depot  at  Sloan.  Iowa,  at  west 
right-of-way  fence  of  Sioux  City  and  Pacific  Railroad,  960 
feetnorthof  south  line  of  sec.  10,  T.86N.,  R.46W 

About  1  mile  flrom  the  river,  three-fourths  of  a  mile  north  of 
south  line  of  Dakota  Countv,  Nebr.,  at  foot  of  bluff,  in  door- 

;ard  of  Daniel  Don,  near  tne  NE.  comer  of  SW.  i  of  sec.  27, 
:.  27  N.,  R.  IIE 

On  left  bank,  about  1|  miles  west  of  Salix,  Iowa,  on  west  side 
of  north-and-south  section  line  road,  about  2,000  feet  north 
of  SE.  comer  of  sec.  83,  T.  87  N.,  R.  47  W.,  1,100  feet  north 
of  A.  T.  Bigelow's  house 

At  west  right-of-way  fence  of  Sioux  City  and  Pacific  Railroad^ 
1,480  feet  north  of  Salix,  lowa^  railroad  depot 

One-fourth  mile  north  of  Omadi  Creek,  on  township  line  be- 
tween T.  27  and  28  N.,  in  Nebraska,  one-fonrth  mile  west 
of  SE.  oomer  sec.  81,  T.  28  N.,  R.  11  £.,  in  oomer  of  yaird  of 
George  Wilkinson 

On  left  bank,  3^  miles  east  of  ^p,  at  east  side  of  section  line 
road,  680  feet  north  of  SW.  comer  of  sec.  12,  T.  87  N.,  R.  48 
W.,  on  premises  of  £.  R.  Allen 

About  2^  miles  west  of  Dakota  City,  Nebr.,  at  east  side  of 
north-and-south  road,  640  feet  souUi  of  house  of  £.  Boden- 
dendera,  in  SW.  i  seo.  6«  T.  28  N.,  R.  11  £ 


Ffet.        MOa. 
626.217        739.0 
624.662 
623.716 

680.581 

63L5a6 
634.310 
640.451         749L0 

638.090 
635.507 


664.237 

648.210 
6U.723 

661.977 
663.454 
649.327 

706.470 
657.765 
666.092 

666.656 

664.765 
663.702 

677.772 
674.343 
682.932 


7S0.0 


767.7 


772.0 


791.1 
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7«  S.  jC. 


Dakota  City. 


Description. 


In  Dakota  City,  Kebr.,  in  northeast  comer  of  connty  conrt- 
bonse  yard 

lu  town  of  Sargent's  Bluff,  in  dooryard  of  B.  F.  Berry,  on  lots 
1  and  2  on  Mulberry  street 

In  Soath  Sioux  City,  Nebr.,  in  dooryard  of  N.  H.  Emery,  in 
northeast  comer  ot  lot  2,  block  27,*^in  Moon's  addition 

In  Sioux  Cit^,  Iowa,  in  southwest  comer  of  connty  cM>urt- 
house  yard 


Blev*. 
tion. 


Feet, 

680.020 

67«.  957 
680.020 

686.305 

692.846 


Above 

the 
month. 


796.5 
796.5 

802.8 


Table  showing  elevations  (referred  to  the  St.  Louis  City  directrix)  of  permanent  bench- 
marks  between  Sioux  City ,  Iowa,  and  Fort  Leavenworth,  Kans.,  derived  from  levels  run 
in  1890;  aUo  showing  differences  in  elevation  of  consecutive  bench-marks. 

A  plus  (-1-)  difference  denotes  that  the  B.  M.  whose  number  stands  opposite  has  a  greater  elevation 
than  the  one  next jprecedlnff. 

A  minus  ( — )  dinecenoe  shows  that  the  elevation  of  the  B.  M.  whose  number  stands  opposite  has  a 
leas  elevation  than  tiie  one  next  preceding. 

Blank  spaces,  where  they  occur  in  the  table,  indicate  that  no  levels  were  run  between  the  B.  M. 
whoee  number  stands  opjMMite  and  the  one  next  preceding. 

Under  the  head  of  "  first  levels  "  is  shown  the  difference  in  elevation  as  found  by  levels  run  in  one 
direction.  Under  the  head  of  *'  checks"  is  shown  the  difference  as  found  by  levels  run  iu  the  opposite 
direction.  The  mean  of  the  two  elevations  thus  found  is,  as  a  rule,  taken  as  the  true  difference  or  eleva- 
tion between  the  points. 


Number  of  bench- 

Difference in  elevation,  in  feet. 

Elevation 

mark. 

By  first 
level. 

By  check. 

Mean. 

infect. 

272  (195)  1881 

(358.096) 

¥ 

-  2.434 

-  2.440 

-  2.437 

855.650 

V 

-  4.174 

-  4.170 

-  4.172 

851.487 

V 

+  5.074 

-f  5.083 

+  6.078 

356.566 

278  (189)  1881 

+24.801 

(381. 366) 

V 

+  6.484 

+  6.484 

+  6.484 

387.850 

¥ 

-32.844 

-32. 701 

-32.778 

355.077 

V 

+  9.264 

+  9.268 

+  9. 261 

364.338 

288  (184)  1881 

+  6.040 

(370.878) 

¥ 

-  2.912 

-  2.909 

-  2.911 

367.467 

V 

+20.637 

388.104 

346  (121)  1881 

+69.219 

(457. 823) 

¥ 

41.3.723 

+13.721 

+13.722 

471.045 

V 

-39.696 

-39.737 

-39.716 

431.329 

¥ 

-  1.074 

-  1.073 

-  1.074 

430.255 

351  (116)  1881 

+14.234 

(444.489) 

¥ 

+21.327 

+21.322 

+21.325 

465.814 

¥ 

-30. 127 

-30. 134 

-30.130 

435.684 

¥ 

-  0.880 

-  0.892 

-  0.886 

434.798 

351  (116)  1881 

+  9.091 

(444.489) 

¥ 

+  1.323 

+  1.830 

+  1.326 

445.816 

? 

-  2.861 

-  2.871 

-  2.866 

442.948 

+  1.816 

+  1.809 

+  1.813 

444.762 

360  (107)  1881 

+11.265 

(456.027) 

ifto 

-  3.141 

-  3.141 

-  8.141 

452.886 

160 

-  3.581 

449.306 

aSa 

-  0.562 

-  0.565 

-  0.563 

448.742 

363  (104)  1881 

+54.264 

(503. 006) 

IfiX 

-10.189 

-10. 189 

-10.189 

492. 817 

i|i. 

-34.572 

-34.586 

-84.579 

458.238 

*s^ 

-  4.108 

-  4.116 

-  4.112 

454.126 

866(101)1881 

+17.838 

(471.464) 

iflX 

-10.218 

-10.211 

-10.214 

461.250 

-  4.051 

-  4.056 

-  4.053 

457.197 

iga 

+  2.364 

4   2.368 

--2.866 
-  -43. 679 

459.563 

873  (94)  1881 

(503. 142) 

X9» 

-37.668 

-37.669 

-37.668 

465. 474 

103 

-  1.850 

-  1.849 

-  1.849 

463.625 

4* 

-  0.827 

-  0.830 

-  0.828 

462.797 

375  (92)  1881 

+16. 331 

(479. 128) 

10* 

-  1.920 

-  1.920 

-  1.920 

477. 208 

13.4 

-  8.706 

468.502 
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Table  shatDing  elevations  of  permanent  hench-markej  etc — ContiBned. 


Number  of  bencb« 
mark. 


382  (85)  1881 


'\' 


383  (84)  1881 

l§t 

386  (81)  1881 
388  (79)  1881 

394  (73)  1881 

xos 
394  (73)  1881 

M» 
H" 

GauffplJ.  M.,  Neb- 
raska City,  Neb. 

401  (G6)  1881 

403  (64)  1881 

113 
1 

113 

407  (60)  1881 

410  (57)  1881 

413  (54)  1880 
xp 

416  (51)  1880 

418  (49)  1880 

424  (43)  1880 

4" 

425  (42)  1880 

428  (30)  1880 
x;x 

^P 

189 

i|a 

114 
1|» 

lie 
lit 

1|T 
ISI 

'I* 


5|: 


DtiTerraice  in  elevation,  in  feet. 


Byflrat 
level. 


-1.882 
-12.624 

-  0.531 

-  4.842 
-18.KH4 
-f  1.506 

-19.032 

-  1.305 

+  6. 073 

-  8.859 

-34.128 
+  2.379 

-  6.100 

-30.402 

-  1.655 


-f  0. 812 
-26.661 

+48.183 


-  4.942 
-21.730 
-f  0.446 

-  5.8S8 

-  5.407 
+  0.144 

+  4. 269 
-12.643 

+18.  482 
-23. 301 

-  0.437 

-11.934 

-  1.222 

-  2.380 

+22.392 


-14. 130 
-11.00) 
+  7.595 

+21.  823 

+34. 376 

-25.501 

-  7.700 

-  7.309 
4-28.  061 
-19.373 
+28. 941 
-29. 571 

—47.919 
-18.304 
+78. 972 
-27.562 
-47. 294 
+  5.986 
+  4. 943 

-  1.584 
+  2. 419 
+  2. 191 
-2.656 
+11.154 


By  clieck. 


-  1.883 
-12. 033 
-0.534 

-  4.842 
-18.898 
+  1.499 

-19.038 

-  1.303 

+  5.078 
-8.856 

-34.127 
+  2.382 

-  6.093 

-80.395 

-  1.660 


+  0.838 
-26.663 

+48. 179 


-  4.942 
-21.727 
+  0.440 

-  5.888 

-  6.41)1 
+  0.141 

+  4-271 
—12.644 

+18.481 
-23.304 
-0.449 

-11.934 

-  1.231 

-  2.389 

+22.388 


-14  131 
-11.064 
+  7.595 

+  21.816 

+34.a62 

-25. 492 

-  7.641 

-  7.352 
+28.092 
-19. 387 
+28.949 
-29.595 

-47.901 
-18.356 
+79.013 
-27. 570 
-47. 318 
+  6. 015 
+  4. 937 

-  1.582 
+  2.447 
+  2.187 

-  2.692 
+U.199 


Mean. 


+16.206 

-  1.883 
-12.628 

-  0.533 
-27.438 

-  4.842 
-18.891 
+  1.503 
+29.469 
-19.035 

-  1.304 
+  7.084 
+  5. 075 

-  8.867 
+43.281 
-84.127 
+  2.380 

-  6.096 
+37.843 
-30.399 

-  7.163 

-  1.667 

+39.872 
+  0.840 
-26.662 
+39.093 
+48.181 
-80.009 
-4-29.744 

-  4.942 
-21.  729 
+  0.443 
4-13.  529 

-  5.888 

-  5.404 
+  0. 142 
+16. 296 
+  4.270 
-12.643 
+10. 404 
+18. 482 
-23.303 

-  0.443 
+  20.315 
-11.934 

-  1.226 

-  2.385 
+14.592 
+22.390 
-83. 611 
+33.  610 
-14.131 
-11. 062 
+  7.595 
+12. 547 
+21. 820 
-21.884 
+34. 369 

-25.497 

-  7.671 

-  7.331 
+28.076 
-19.380 
+28.945 
-29.583 
+81. 027 
-47. 910 
-18,330 
+78. 992 
-27.566 
-47. 405 
+  6. 100 
+  4. 040 

-  1.683 
+  2.433 
+  2.180 

-  2.674 
+11.176 


Elevation 
in  feet. 


(484.708) 
482.825 
470. 197 
469.664 
(497. 102) 
492.260 
473.369 
474. 872 
(504.341) 
485.306 
484.002 
(491. 08Q) 
496.161 
48?.  304 
(530.585) 
496.468 
498.838 
492.742 
(530.585) 
500.488 
493.023 
491.866 

(531.238) 
532.078 
505.416 
(544. 509) 
592.600 
512. 681 
(542. 425) 
537.483 
515.754 
616. 197 
(529. 726) 
523.838 
518.434 
51&  576 

(534.872) 
539.148 
526.499 

(536.908) 
555.385 
532.082 
531.639 

(551. 954) 
540.020 
538.794 
536.409 

(551. 001) 
573.391) 
539.780 

(573. 399) 
559.268 
548.206 
655.801 

(568.348) 
500.168 

(568.284) 
602.658 

677.156 
569.485 
562. 154 
590.230 
570.850 
599. 795 
570.212 
651.052 
603. 142 
584. 812 
663.804 
636.238 
588.833 
504. 933 
509.878 
508.280 
600.723 
602.912 
600.238 
611.414 
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Table  showing  flevaiions  of  permanent  hench-marhe,  etc, — ContinTied. 


Nmnber  of  bench* 
mark. 


Difference  in  elevation,  in  feet. 


lit 
ill 
1*1 

'I- 

406  "A*'  a,  1880 
B.M."A,"1880 


^flret 
level. 


4.309 

9.oe:i 

0.673 
1. 143 
5.(W7 
5.370 

i.om 

3.  501 
970 
118 


555 


-f74 
-83 

-  1 

-  0.  948 
+50.863 
-49. 052 
-f  2.793 
+15. 139 
-11.363 

-  2.578 
+18.735 

-  6.022 

-  3.486 
+17. 259 

-  8.526 

-  4.120 
+59. 146 
-50.712 

-  1.665 
+  9. 558 

-  0.905 
-1.046 
+14. 081 

-3.421 
+8.  571 
-2. 911 
-3. 056 
+3.056 
+5.236 


-4.971 


By  oheck. 


4.358 
9. 719 
0.679 
1.077 
5.695 

-  5.377 

-  1.014 

-  3.483 
-f  74. 963 
-63.116 

-  1.555 
-0.944 
+56.866 
-49. 058 
+  2.776 
+15. 143 
-11.359 

-  2.588 
+  18.726 

-  6.032 

-  3.489 
+17. 249 

-  8.520 

-  4.134 
+59. 139 
-50. 689 

-  1.681 
+  9. 570 

-  0.897 

-  1.061 
+14. 059 

-3. 436 
+8.607 
-2.914 
-3.071 
+3. 071 
4-5.335 


-4.971 


Mean. 


4.333 
9.691 
0.676 


no 

691 
374 
015 
492 


1 
5. 
5 

-  1, 

-  3 
+74.966 
-63. 117 

-  1.555 

-  0.946 
+56.865 
-49. 055 
+  2.784 
+15. 141 
-11.861 

-  2.683 
+18. 730 

-  6.027 

-  3.487 
+17.254 

-  8.523 

-  4.127 
+59. 143 
-50.705 

-  1.673 
+  9.564 

-  0.901 

-  1.053 
+14. 070 

-3.429 
48.589 
-2.912 
-3.06:J 
+3.063 
+5. 285 
+7.419 
•+5.093 
-4971 


Elevation 
in  feet. 


607.081 
616.772 
617. 448 
618.558 
624.249 
618. 875 
617. 860 
614. 868 
689.834 
626.217 
624.662 
623. 716 
680.581 
631.526 
634. 310 
649.451 
638. 040 
635.607 
654.237 
648.210 
644.723 
661.977 
653.454 
649.327 
708,470 
657.765 
656.092 
665.656 
664.755 
663.702 
677.772 
674.343 
682.932 
680.020 
676. 957 
680.020 
685.305 
(692. 724) 
(697.817) 
592.846 


Appendix  A  9. 

annual  report  op  mr.  a.  h.  blai8dkll,  assistant  l^noineer,  1891,  ' 

Missouri  River  Commission, 

8t.  Louis,  Mo.y  June  SO,  1891, 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  water  gauges  main- 
tained by  the  Missouri  River  Commission,  and  the  office  work  incidental  thereto,  for 
the  iiscal  year  ending  June  30,  1891. 

The  following  table  gives  in  a  condensed  form  the  location  of  the  gauges,  their 
character,  distances  above  the  mouth,  and  the  length  of  time  they  were  maintained 
daring  the  year. 


Location  of  gau;^o. 


St.  Charles,  Mo 
Homiaun,  Mo.. 


Cole  Creek,  Mo  . . . 
Jelferaon  City,  Mo 
iBoonville,  Mo 


Glasgow,  Mo... 
De  Witt,  Mo... 
"Waverly.Mo  .. 
I.exi]igUm,Mo. 
Sibley,  Mo 


Character  of  gauge. 


Bnilgtscahle... 
Sliore,  inclined. 


.do 


.1 


Short*,    inclined    and 
vertical. 

Bridge,  cable 

— do 

Shore,  inclined 

...do 

...do 

Bridge,  cable 


Distance    31™f 
•above       "'«*"■ 


mouth 
in  1879. 


iainiMl 

during 

year. 


Mihi. 

Montht. 

25.1 

12 

101.1 

1J8 

101.7 

nh 

145.8 

12 

197.5 

12 

L>26. 6 

12 

262. 5 

12" 

297.4 

12 

318.7 

12 

347.6 

12 

Kemarka. 


BeadingR   commenced   May 

j2, 18»1. 
EBtablished  May  19, 1891. 
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Location  of  gauge. 


Bandolph.  Mo 

Kaniiae  City,  Mo 

Fort  LeaTenworth  Bridge, 
Kaaa. 

AtcbiBon.  Kana 

St.  Joeepn,  Mo 

St.  Joeepb  pump-bouae,  Mo. . 

White  Cloud,  Kane 

Rule,  Nebr 

Brownville,  Kebr 

Do..... 

Nebraska  City,  Nebr 

Plattsmontii  Bridge,  Nebr... 
Omaha,  Nebr 


Cbaraoter  of  gauge. 


Bridge,  cable, 
do 


.do 


...do 

...do 

Sliore,  cable.... 
Shore,  vertical. 
Bridge,  cable... 
Shore,  vertical. 
Sliore,  ciAle.... 
Bridge,  cable. . . 

...do 

...do 

do 


Blair,  Nebr 

Sioux  City,  Iowa < do 

Pierre,  8.  Dak i  Shore,  vertical 

Biamarok,  N.  Dak I  Bridge, cable.. 


Fort  Buford,  N.  Dak. 
Fort  Benton,  Mont. . . 


Shore,  cable.. 
Bridge,  cable. 


Distance 
above 
mouth 

in  1879. 

Time 
main- 
tained 
during 

year. 

MUf. 

Uoniht. 

382.8 

7A 

386.3 

12 

418.9 

12 

445.8 

12 

479.5 

12 

489.7 

m 

530.8 

7 

542.1 

12 

579.9 

5Jf 

«15 

679.9 

609.0 

12 

638.3 

12 

667.8 

12  . 

700.6 

12 

800.9 

12 

1,176.0 

11 

1,426.0 

12 

1,098.0 

mi 

2,243.0 

lOiS 

Bemarks. 


DiBCoulUuiiMl  Ftib.  6,  189i. 


Di»continu(^  Feb.  14,  1891. 
Disooiitiuuetl  Jan.  31,  1891. 


DiBtaneeB  given  above  Pierre 
are  approximate. 


Three  of  the  gauges  were  dlBcontinned  in  conseqnence  of  being  in  close  proximity 
to  other  more  important,  better-located,  or  longer  established  gauges,  but  not  until 
the  slope  at  various  water  stages  had  been  well  determined  between  them  and  the 
nearest  gauge. 

One  new  gauge  was  established  at  Cole  Creek,  3.6  miles  above  Hermann,  Mo., 
in  May,  1891. 

The  Commission  has  never  maintained  a  gauge  at  Hermann,  but  has  made  use  of 
the  daily  records  of  the  Signal  Service  gauge;  thin  gauge  is  now  so  locked  in  by 
bars  from  the  main  river  channel  that  its  records  even  at  moderately  high  stages  an) 
not  reliable  for  slope  measurement. 

A  gauge  occupying  the  same  position  as  the  Signal  Service  gauge  has  been  main- 
tained by  the  Commission  since  the  Cole  Creek  ^auge  was  established,  and  will  con- 
tinue to  be  read  till  the  present  high  water  subsides. 

All  the  gauges  as  far  up  as  Sioux  City  are  graduated  to  read  elevations  above  the 
St.  Louis  directrix;  those  above  Sioux  City  are  graduated  from  local  zeros  or  are 
referred  to  sea  levels  obtained  firom  railroad  profiles  carried  over  from  points  on  the 
Lakes. 

The  Commission's  gauges  are  read  twice  daily,  at  6  a.  m.  and  6  p.  m.  The  observers 
send  in,  by  postal  cards,  weekly  reports ;  these  are  plotted  on  a  nydrograph  sheet  as 
soon  as  received,  which  is  carefully  studied  and  compared  at  each  station,  and,  if 
any  errors  are  discovered  they  are  at  once  rectified  by  correspondence  and  investi- 
gation. The  records  are  then  copied  on  a  yearly  card  for  permanent  preservation; 
the  daily  mean  is  obtained,  and  it  also  is  copied  on  a  sheot  for  the  printer's  use. 

The  observer  also  keeps  a  record  book,  which  is  returned  to  the  office  at  the  end 
of  the  year. 

Additional  cards,  giving  the  names  and  loads  of  passing  steamers,  notes  of  river 
phenomena,  meteorological  data,  etc.,  are  also  sent  in  weekly  by  the  observers. 

The  gauges  in  use  on  all  the  bridges  as  far  up  as  Sioux  City  are  what  have  been 
called  standard  wire-cable  gauges.  These  give  a  much  more  accurate  measurement  of 
the  elevation  of  water  surface  than  any  shore  gauge  can  give,  as  they  are  placed  di- 
rectly over  the  channel  of  the  river,  and  measure  a  iieight  unaiTected  by  the  shore  or 
other  close  obstruction. 

That  they  are  affected  by  change  in  camber  of  the  bridge,  due  to  changes  in 
temperature,  is  doubtless  true,  as  is  also  that  the  cable  may  stretch  to  an  appreci- 
able amount,  but  the  monthly  inspection  of  each  gauge  made  by  the  division  engi- 
neer renders  any  cumulative  error  impossible. 

Should  frequent  inspection  of  the  cable  gauge  not  be  possible,  an  intelligent  ob- 
server can  readily  mark  off  on  his  bridge  the  total  length  of  his  cable,  and  have 
permanent  marks  for  testing  or  replacing  the  gauge  when  necessary. 

A  drawing  showing  the  general  arrangement  of  the  standard  cable  gauge  is  here- 
with presented. 

The  weight  is  usually  a  16  to  20  pound  cast-iron  window  weight ;  the  cable  is  the 
best  Swedish  iron- wire  sash  cord,  one-eighth  inch  diameter;  the  caat-iron  sheave  may 
be  any  pattern  of  a  deeply  grooved  wire-rope  sheave  about  10  inches  diameter,  fastened 
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to  the  side  of  the  guard  rail  of  the  bridge  by  an  8-inch  lag  Bcrew,  with  washer  in- 
serted to  permit  the  Hhcave  to  revolve  easily ;  the  gauge  scale  is.preferably  of  white 
oak,  graduated  to  feet  and  tenths,  with  graduations  and  numbers  scored  m. 

The  turnbuckle  which  carries  the  index  is  an  improvement  on  the  one  formerly  in 
use.  It  permits  of  an  error  in  either  direction  of  two-tenths  to  be  taken  up  on  the 
screw-threads,  and  by  means  of  the  metal  washer  between  the  nuts  the  latter  can  be 
locked  after  the  gauge  has  been  made  correct. 

The  life  of  a  caf)h}  gauge  appears  to  depend  entirely  upon  the  care  the  observer 
gives  tlie  wire  aash-rord,  which  nhould  be  protected  from  rust  by  frequent  greasing. 

Occasionally  the  weight  is  lost  by  accident,  usually  traced  to  the  observer's  care- 
lessness, nnd  a  broken  record  or  an  approximate  one,  taken  from  a  temporary  gauge, 
results.  This  can  best  be  prevented  by  having  two  sets  of  cables  and  weights  oon- 
st-antly  in  the  tibserver's  possis^ion,  \^hifh  is  an  inexpensive  matter,  or  by  having 
two  complete  gauges  on  each  bridge. 

The  cable  gauge  as  apjilied  to  a  high  bridge  is  shown  on  an  accompanying  draw- 
ing of  a  panel  length,  with  sections,  of  the  Blair  Bridge.  The  cable  is  shown  as  drawn 
up  when  not  in  use,  with  the  handle  of  the  index  thrown  over  a  hook  in  the  guard- 
rail, or  padlocked  thereto  if  necessary. 

A  cable  gau^e  has  been  in  very  successful  use  on  a  shore  gauge  at  Brownsville, 
Nebr.,  a  drawing  of  which  is  also  submitted.  Mr.  S.  Waters  r'ox,  division  engineer, 
erected  the  gauge,  making  use  of  some  abandoned  piles,  which  had  been  left  in  an 
a<lvantageou8  position,  ft  replaced  a  vertical  gauge  which  had  always  been  trouble- 
.some  to  maintain.  So  long  as  it  is  not  destroyed  by  ice  or  drift  the  gauge  is  a  good 
one. 

The  gauge  on  the  BiHnuirck  Britlge  is  a  modified  form  of  cable  gauge.  The  cable 
is  used  a«  a  direct  measure  to  find  the  distance  from  the  water  surface  to  the  track 
stringer,  the  elevation  of  which  is  known  by  railroad  levels.  Another  form  is  in  use 
on  the  shore  gauge  at  Fort  Buford.  It  is  essentially  a  beam  stiffened  by  tie-rod, 
mounted  ou  a  truck,  having  one  end  overhanging.  The  truck  moves  on  a  wooden 
track  at  right  angles  to  the  bank,  and  when  not  in  use  the  entire  gauge  is  moved  back 
out  of  harm's  way.  Visits  of  inspection  to  the  upper-river  gauges  are  expensive  and 
infre<iuent.     They  have  not  received  the  attention  given  to  those  below. 

A  drawing  is  also  presented  of  the  recently  constructed  inclined  wooden  gauge  at 
Cole  Creek;  it  is  made  of  ccMlar  timber,  5  inches  by  5  inches,  with  graduations  and 
numbers  marked  with  brsuss  nails.  There  is  no  novelty  about  it,  except  perhaps  that 
an  advantageously  located  rock  afforded  a  cheap  and  efficient  means  of  securing  the 
lower  end  of  the  gauge,  bolts  1  inch  diameter  being  leaded  into  the  rock. 

Comparisons  of  the  readings  of  the  gauges  maintained  by  the  Commifision  and 
those  of  the  Signal  Service,  made  more  particularly  the  present  year,  show  the  fol- 
lowing : 

To  obtain  the  Missouri  River  Commission,  add  to  those  of  the  Signal  Service: 

At  Hermann,  7i'.08.      - 

At  Boonville  it  has  been  found  impossible  to  find  any  number  which  would  equate 
the  readings  with  any  degree  of  constancy. 

At  Kansas  City,  303'. 35.     This  value  has  obtained  very  uniformly. 

At  Plattsmoutli  no  equating  value  appears  obtainable;  the  Commission  gauge  is  on 
the  bridge  about  1  mile  below  the  Signal  Service  shore  j^^ange. 

At  Omaha,  545'. 05.    This  value  has  obtained  quite  uniformly. 

Since  your  last  annual  report  the  tabulation  of  mean  daily  stages  of  the  river  be- 
tween the  mouth  and  Sioux  City,  Iowa,  for  the  years  1886,  1887,  1888,  and  1889  has 
been  printed  in  pamphlet  form. 

A  revision  of  the  standard  low  water,  as  printed  in  the  report  of  1889,  has  been 
made  with  the  additional  data  at  hand,  but  as  the  precise  levels  to  be  run  next 
year  will  doubtless  result  in  general  small  changes  in  the  elevations  of  our  bench- 
marks, its  publication  will  be  delaj'cd  until  the  results  of  that  work  are  known. 

Having  a  continuous  series  of  gauge  heights  for  a  period  of  12  years,  1879  to  1890, 
at  several  points  on  the  river,  embracing  auring  that  time  two  very  nigh  and  two 
very  low  waters,  and  the  remaining  years  quite  evenly  divided  between  high  and 
low,  it  was  decided  by^  Colonel  Suter  to  select  three  representative  points,  viz,  St. 
Charles,  Kansas  City,  and  Sioux  City,  and  deduce  from  the  data  at  hand  a  mean 
Missouri  River  for  that  period  in  relation  to  gauge  height  and  discharge. 

The  results  are  shown  herewith  both  in  tabulated  and  in  graphical  lorm. 

The  data  at  St.  Charles  refer  to  the  bridge  site ;  at  Kansas  City  to  the  location  of 
the  Haimibal  and  St.  Joseph  Railroad  bridge ;  and  at  Sioux  City  to  the  mouth  of 
perry  Creek,  the  site  of  the  original  gauge. 

The  figures  for  discharge  were  deduced  by  Mr.  James  A.  Seddon^  assistant  engi- 
neer, who  fully  describes  in  his  report  the  methods  he  used. 

Tables  accompanying  this  report  are  as  follows : 

Mean  daily  stage  of  Missouri  River  for  a  period  of  12  years,  1879-1890,  at  St.  Charles : 
the  same  at  Kansas  City;  the  same  at  Sioux  City.    Mean  monthly  stage  of  Missouri 
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River  for  a  period  of  12  years,  1879-1890,  showing  the  annual  means  at  St.  Charlesu 
Kansas  City,  and  Sioux  City.  Mean  daily  discharge  of  Missouri  Rirer  for  a  perioa 
of  12  years,  1879-1880,  expressed  in  thousands  oubio  feet  per  second  at  St.  Charles; 
the  same  at  Kansas  City:  the  same  at  Sioux  City.  Mean  monthly  discharge  of  Mis- 
souri River  for  a  period  oi  12  years,  1879-1890,  expressed  in  thousands  of  cubic  feet  per 
second,  showing  also  annual  means,  at  St.  Charles,  Kansas  City,  and  Sioux  City. 
Total  annual  discharge  of  Missouri  Riwr  for  a  period  of  12  years,  1879-1890,  expressed 
in  cubic  miles,  at  St.  Charles,  Kansas  City,  and  Sioux  City. 

\  llie  drawings  accompanying  this  report  comprise  three  sheets  illustrative  of  the 
gauges,  and  six  sheets  plattea  from  tne  dnta  in  the  tables,  showing  mean  ^auge, 
heights,  and  discharges,  which  need  no  explanation  other  than  that  contained  in  Mr. 
Seddon^H  report  on  the  discharge  hydrographs. 
Very  respectfully,  your 'obedient  servant, 

A.  H.  Blaisdkll, 
A89i9tant  Unginear, 

First  Lieut.  J.  C.  Sanford, 

Corps  of  Engineers,  U.  S.  A. 


Mean  daily  stage  of  Missouri  JSiver  for  a  period  of  13  years,  1879-1890, 

ST.  CHARLES. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept 

Oct 

Nov. 

Dec 

1 

8.6 

9.1 

13.0 

15.6 

1«.0 

16.7 

20.3 

15.1 

11.4 

10.1 

9.6 

a» 

2 

8.6 

9.4 

12.8 

15.6 

16.0 

16.6 

20.2 

15.0 

11.4 

10.4 

0.5 

&8 

3 

8.6 

9.6 

12.7 

15.8 

15.7 

16.7 

20.1 

14.8 

11.4 

1J.4 

o.s 

8w7 

4 

8.5 

10.0 

12.7 

15.9 

15.7 

16.7 

19.9 

14.7 

11.4 

10.2 

0.4 

8.6 

5 

8.5 

10.4 

12.7 

15.8 

15.7 

16.7 

19.6 

14.0 

11.3 

0.9 

0.3 

8.5 

« 

8.6 

10.5 

12.9 

15.4 

15.7 

16.6 

19.3 

14.3 

11.2 

9.8 

9.3 

8.5 

7 

8.9 

10.5 

12.9 

15.4 

15.5 

16.6 

19.2 

14.2 

11.0 

0.8 

0.2 

&& 

« 

0.4 

10.6 

12.6 

15.7 

15.3 

16.6 

19.1 

14.1 

11.2 

9.7 

0.2 

&5 

9 

0.2 

11.1 

12.3 

15.8 

15.0 

16.8 

18.9 

13.9 

11.4 

9.7 

9.8 

8.6 

10 

9.0 

11.6 

12.3 

16.3 

15.1 

17.2 

18.7 

13.7 

11.3 

0.8 

0.6 

8.7 

11 

9.2 

11.6 

12.5 

16.0 

16.1 

17.2 

18.4 

13.5 

11,2 

0.8 

9.7 

a? 

VI 

9.5 

11.4 

12.8 

16.7 

1.5.1 

17.2 

18.1 

13.3 

11.1 

0.9 

9.8 

as 

irj 

9.8 

11.5 

13.1 

16.6 

15.0 

17.6 

17.9 

13:2 

11.0 

9.9 

10.0 

as 

14 

9.8 

12.0 

13.2 

16.5 

14.9 

17.8 

17.8 

13.5 

11.2 

'9.8 

10.2 

8.7 

15 

9.8 

12.1 

13.5 

16.4 

14.8 

18.0 

17.9 

13.8 

11.0 

9.6 

10.4 

a? 

16 

9.8 

12.3 

13.  7 

16.2 

14.9 

18.2 

18.1 

13.6 

10.8 

9.3 

10.6 

a4 

17 

9.8 

12.5 

13.8 

16.0 

14.9 

18.6 

18.0 

13.4 

11.2 

9.3 

10.6 

a2 

IS 

0.8 

12.6 

13.9 

15.8 

15.1 

19.0 

17.8 

13.2 

11.2 

9.4 

10.6 

ao 

19 

9.8 

12.4 

14.2 

15.8 

15.3 

19.2 

17.4 

13.1 

10.9 

9.5 

10.8 

7.8 

•J;> 

9.7 

12.8 

14.3 

16.0 

15.5 

19.5 

17.2 

12.8 

10.7 

9.8 

10.6 

7.S 

21 

9.5 

13.1 

14.3 

16.0 

15.7 

19.9 

17.0 

12.6 

10.5 

0.9 

10.5 

7.5 

•>•! 

9.4 

12.9 

14.5 

16.2 

15.6 

20.1 

1'6.7 

12.4 

10.8 

9.9 

10.4 

7.4 

23 

9.2 

12.8 

14.6 

16.9 

15.4 

20.  2 

16.4 

12.3 

10.1 

10.0 

10. 2 

7.8 

24 

9.0 

12.9 

14.4 

17.2 

15.2 

20.3 

16.2 

12.2 

0.0 

10.2 

10.1 

7.5 

25 

9.0 

13.0 

14.4 

17.0 

15.3 

20.3 

16.1 

12.0 

9.7 

10.1 

9.0 

7.6 

26 

9.1 

13.2 

14.6 

16.7 

15.4 

20.2 

16.1 

11.0 

9.7 

0.0 

0.7 

7.4 

27 

9.1 

13.2 

14.7 

16.6 

15.3 

20.4 

16.0 

11.8 

9.8 

0.8 

0.6 

7.5 

28 

9.0 

13.1 

14.8 

16.5 

15.8 

20.6 

15.6 

11.7 

9.8 

0.6 

9.8 

7.5 

29 

9.0 

12.2 

14.8 

16.3 

16.3 

20. 6 

15.4 

11.6 

10.0 

0.5 

0.2 

7.8 

30 

9.0 

15.1 

16.1 

16.8 

20.5 

15.3 

11.5 

10.0 

0.5 

0.1 

at 

Jl 

9.2 

1.5.  5 

16.9 
15.5 

1 

15.2 

11.4 

0.5 

a« 

MoaiiH . 

9.2 

1 

11.7 

13.6 

16.2 

16.4 

17.7 

13. 2 

10.8 

,. 

9.8 

a3 

9^ 
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ST.  CHAHLES. 


Year. 


1879.. 

1880.-, 
1881  ... 
1882... 
188:{... 
1881  ... 
1885  . . . 
188«... 
1887... 
1888... 
1889... 
1890... 

Means 


Jail. 


7.3 

9.r> 

7.2 

8.6 

6.7 

7.7 

13.0 

9.3 

7.9 

9.2 

11.7 

12.4 


Feb. 


7.6 

12.3 
11.9 
14.9 
13.3 
13.0 
14.0 
11.1 
13.0 
10.3 
12.4 


9. 2     11. 8 


Mar. 


8.2 
9.1 
17.7 
13.5 
14.0 
10.9 
18.7 
15.5 
14.6 
15.3 
14.8 
11.8 


13.6 


Apr. 


14.0 

13.2 

22.3 

14 

13 

19 

17 

16.9 

16.8 

18.4 

13.7 

14.2 


16.2 


May. 


12.9 
10.5 
2o  7 
16.0 
15.6 
17.3 
17.4 
17.0 
14.1 
17.7 
14.3 
12.6 


15.5 


June. 


17.9 
15.3 
18.3 
19.1 
24.7 
18.7 
21.0 
16.1 
17.6 
20.0 
16.9 
15.6 


18.4 


July. 


19.2 
18.9 
16.5 
20.2 
21.0 
18.7 
18.9 
14.0 
17.4 
20.1 
14.3 
14.4 


Aag. 


17.8 


13.2 
13.5 
10.7 
12.1 
14.3 
14.8 
14.7 
11.3 
12.7 
15.9 
13.6: 
12. 0| 


Sept. 


13.2 


8.5 

12.7 

8.4 

7.6 

9.1 

12.8 

16.1 

9.0 

12.7 

11.4 

10.7 

10.4 


10.8 


Ocl. 


7.0 
8.8 

13.9 
7.1 
9.6 

14.8 

10.1 
7.9 

10.6 
9.8 
8.6 

10.2 


9.8 


Nov. 


9.4 

6.7 
13.7 

&3 
11.0 
11.4 
10.3 

7.5 

9.1 
10.1 
11.0 

9.0 


I>ec. 


a? 

4.7 
10.8 
6.1 
7.7 
10.9 
7.9 
6.1 
8.4 
9.4 
8.9 
8.0 


mm. 


lie 
ii« 

liw 
us 

14.  U 

w.:« 

11  OS 
12.73 
lil5 
0.49 
ILK 


9.8;      8.2     13.fi 


KANSAS  CITY. 


1879.. 
1884).. 
1881  .- 
188-_'.. 
18*3  . . 

1884  . . , 

1885  . . , 
188«  . . , 
1887.. 
1888... 
1889  . . 
1890.. 

Means 


3<19.9 

308. 9 

.109.9 

:{08.  7 

."{08.  3 

308.8 

308.7 

310.0 

316.1 

307.0 

307.3 

310.1 

310.2 

310.7 

312.9 

307.7 

308.9 

312.2 

308.9 

310.8 

315. 1 

308.7 

311.7 

315.0 

310.5 

308.1 

315.5 

310.0   312.8'  314.2 

307.9    309.81  311.6 

306.6 

309.2 

31C.2 

315. 0 

312.3 

324.5 

313.6 

314.4 

818.2 

314.3 

315.  5' 

316.61 

319.4 

311.9 

311.6 


313. 9 

318.6 

311.0 

315.7 

320.2 

320.2 

314.1 

317.8 

316.4 

323.4 

315.7 

820.0 

314.5 

319.9 

314.9 

317.2 

314.3 

819. 8 

318.3 

319.8 

312.0 

313.7 

810.9 

317.3 

818.8 
318.9 
817.2 
319.0 
320.8 
818.6 
318.4 
314.2 
318.4 
319.6 
315.2 
315.3 


318.0 
314.2 
812.1 
312.6 
314.4 
818.8 
314.6 
311.8 
813.7 
314.9 
813.4 
311.4 


308.8:  309.7;  312.6 


316.6 


314.6,  318. 6|  317.8,  313.4 


300.8 
812.7 
310.4 
308.6 
309.9 
312.1 
312.4 
309.2 
313.9 
311.2 
809.1 
809.51 


310.7 


808.6 
810.4 
810.8 
808.4 
809.6 
311.7 
309.2 
308.2 
311.6 
309.7 
306.6 
308.8 


309.6 


810.1 
807.9 
810.8 
308.0 
809.4 
300.6 
809.4 
307.9 
310.3 
300.7 
808.4 
808.6 


308.8 
300.7 
806.7 
30&5 
aOOLO 
307.1 
308.6 
306.3 
307.7 
308.4 
307.3 
307.4 


SUM 
31139 
Hill 
SU.09 

31XS 
S1196 
SHOT 
IU.T2 
ID.  36 

m^T 

31174 
310.9$ 


309. 2|  807.  6|    31135 


SIOTTX  CITY. 


1879  . . , 
1880.. 

1881  .- 
1881?  . . 
188,'l  . . 
1884.- 
1885  . . . 
1886... 

1887  . . , 

1888  . . . 
1889... 
1890... 

Means 


667.1 
666.9 
668.3 
667.8 

OOO.  O 

668.0 
670.1 
670.0 
669.7 
672.0 
609.2 
668.4 


008. 7 


668.01 

667.6 

660.  0 

667.5, 

666.5 

fi68.1 

671.0 


070. 
669. 


672.3 
670.5 
669.6 


669.2 


669.1 

673.4 

072.5 

676.5 

666.5 

671.0 

670.1 

674.4 

674.0 

680.6 

673.0 

675.1 

666.9 

669.7 

670.5 

674.1 

670.4 

670.9 

672.3 

674.5 

671.9 

673.2 

671.3 

676.4 

673.  5 

672.4 

671.7 

675.8 

672. 9 

671.5 

671.1 

674.9 

674.8 

672.9 

672.5 

677.5 

676.2 

676.5 

674.6 

677.0 

670.9 

670.4 

670.2 

072.4 

670.0 

670.9 

671.0 

674.7 

671.4 

672.8 

671.7 

675.3 

675.1 
676.3 
672. 1 

673.  7 

674.  5 
674.5 
674.7 
673.  4 
676.1 
676.4 
672.7 
674.2 


670.5 
672.1 
669.8 
669.9 
6G9. 9 
670.7 
671.8 
671.0 
672. 4 
673.0 
070. 2 
671.  5! 


668.1 

670.0 

<J68.7 

667.6 

667.8 

668.9 

670. 21 

669.3 

672.4 

670. 4 

668.5 

609.4 


674.5   671.1 


669.3 


667.41 

668.  5> 

668.2, 

667.8 

666.9 

668.9 

669.3 

668.3' 

670.1 

669.1; 

667. 7; 

668.5 


667.5; 

668.  5| 

667.2 

666.5! 

666.4' 

668.6 

660.1: 

669.0: 

660.8 

668.7 

687.4; 

668.5 


606.  5! 
667.8 
066. 3j 
665.3^ 
664.7! 
669.01 
669.3 
668.81 
670. 2 
666.9 
667.11 
668.5 


068.41  668.1;  607.51    6?9.«6 
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MeaH'fUiily  diaoharge  of  Missouri  River  for  a  period  of  IS  years,  1879-1890,  expressed  in 
-^'  thousands  cubic  feet  per  second* 

ST.  CHAKLES. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

M 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26../.. 

27 

28 

29 

30 

31 

Means 


Jan. 

Feb. 

Mar. 

1 
Apr. 

May. 

45.5 

46.5 

84.5 

126.6 

141.5 

46.0 

48.0 

81.5 

125.5 

148.0 

45.5 

50.5 

80.0 

126.0 

149.5 

44.0 

54.5 

80.5 

128.5 

151.0 

43.5 

60.0 

81.0 

127.5 

153.0 

45.0 

61.0 

83.5 

121.5 

149. 0 

47.0 

61,0 

82.0 

121.0 

141.0 

50.5 

61.0 

79.5 

126.5 

130.0 

49.0 

67.0 

76.0 

131.0 

121.0 

48.5 

72.5 

76.0 

138.5 

119.5 

49.5 

70.5 

78.0 

145.0 

118.5 

51.5 

69.5 

82.0 

147.0 

119.5 

55.5 

72.0 

85.5 

146.  P 

120.0 

55.0 

72.0 

88.0 

145.0 

117.0 

55.0 

75.5 

93.5 

142.0 

114.5 

53.5 

77.5 

06.5 

139.0 

114.5 

5:).  5 

80.5 

96.5 

135.5 

114.5 

53.5 

83.0 

100.5 

129.0 

116.0 

52.5 

80.0 

103.0 

128.0 

120.5 

51.0 

85.0 

104.0 

129.0 

122.5 

49.5 

92.6 

104.0 

129.0 

124.5 

48.0 

86.5 

105.5 

133.5 

125.0 

47.0 

84.0 

107.0 

148.0 

121.0 

44.5 

84.0 

103.5 

155.0 

118.0 

44.5 

85.0 

104.5 

151.5 

118.5 

45.0 

87.0 

110.5 

147.0 

121.0 

45.5 

8a5 

116.0 

146.0 

120. 5 

44.5 

84.5 

117.5 

145.5 

129.0 

44.5 

116.0 

143.5 

139.0 

44.5 

119.0 

140.5 

150.5 

46.0 

124.0 

152.0 

48.3 

72.8 

95.5 

136.6 

129.0 

June. 


July. 


147.0 
145.5 
145.5 
144.0 
14.3. 0 
141.0 
140.5 
141.  5 
144.0 
151.0 
151.5 
152. 0 
161.0 
164.5 
174.0 
182.5 
180.0 
109.0 
204.5 
210. 0 
221.0 
227.0 
231.5 
234.0 
234.0 
229. 5 
233.0 
237.5 
237.0 
233.5 


230.0 
229. 5 
225.0 
217.0 
209.0 
200.5 
105.0 
191.5 
188.0 
183.5 
178. 0 
170.0 
166.0 
164.5 
166.5 
170.0 
168.5 
162.0 
156.0 
148.5 
145.0 
140.5 
135.5 
132.0 
130.5 
130.5 
129.0 
123.0 
120k  0 
117.5 
116.0 


185.0  I     165.8 

i 


Ang. 


115.0 
114.0 
110.0 
107.0 
105.0 
101.0 
90.0 
96.5 
92.5 
90.0 
88.5 
86.0 
85.5 
90.0 
95.0 
91.5 
88.5 
86.5 
81.0 
81.5 
79.0 
77.0 
75.5 
74.0 
72.5 
71.6 
70.0 
60.0 
68.0 
67.5 
67.0 


Sept. 


66.5 
66.5 
67.5 
67.5 
66.0 
05.5 
64.0 
67.0 
70.0 
60.5 
68.0 
67.0 
65.5 
69.0 
67.0 
64.5 
69.0 
68.0 
65.0 
62.0 
60.0 
58.0 
55.5 
5.3,5 
51.5 
53.0 
.W.  0 
54.0 
56.0 
56.5 


Oct. 


58.5 
60.5 
50.0 
57.0 
54.0 
52.5 
52.0 
52.0 
51.5 
52.0 
53.0 
53.5 
54.0 
93.0 
50.5 
48.0 
48.0 
40.0 
50.0 
52.0 
53.5 
5.T5 
54.5 
56.5 
56.0 
54.5 
52.5 
50.5 
49.5 
49.5 
49.0 


Nov. 


49.0 
48.5 
49.0 
48.5 
47.5 
47.5 
46.0 
45.5 
47.0 
50.0 
51.0 
52.0 
53. 5 
55.5 
57.5 
50.0 
00.0 
60.5 
65.5 
63.0 
60.0 
58.5 
56.5 
55.0 
53.5 
52.0 
50.0 
48.0 
47.0 
46.0 


Deo. 


44.5 
43.0 
42.5 
42.0 
41.0 
41.0 
41.0 
42.0 
43.0 
44.0 
44.0 
44,5 
45.5 
44.0 
44.0 
42.0 
40.0 
38.5 
36.5 
34.5 
3:1.5 
33. 0 
32.5 
34.5 
35.5 
:m.  5 
35.5 
:i5. 5 
.•f7. 5 
43.0 
46.0 


87.0 


62.9 


52.9 


52.7 


39.9 


KANSAS  CITY. 


1 

2 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

28 

29 

30 

I 

Means 


24.5 
24.5 
24.5 
2.'>.0 
24.5 
23.5 
24.0 
24.5 
25.5 
26.5 
27.0 
28.0 
29.5 
28.5 
28.5 
28.5 
20.0 
30.5 
31.0 
31.5 
32. 5 
32.0 
32. 5 
32.0 
32,0 
32.0 
.31.5 
32.0 
3.5.0 
36.0 
36.5 


36.0 
35.5 
33.5 
32.5 
37.0 
41.0 
42.0 
41.5 
39.5 
38.0 
36.0 
37.0 
37.5 
39.5 
43.5 
38.5 
38.5 
39.0 
38.5 
40.0 
42.0 
39.5 
30.5 
30.0 
40.0 
40.0 
40.0 
41.0 


29.1 


39.1 


43.5 

107.0 

118.0 

112.5 

192.0 

96.0 

65.5 

38.0 

44.5 

103.0 

11.5.0 

113.0 

192. 0 

94.5 

53.5 

38. 0 

47.0 

96.5 

107.5 

III.O 

190.0 

91.5 

54.0 

38.0 

47.0 

96.0 

09.0 

113.0 

184.0 

88.5 

54.0 

38.0 

46.5 

101.0 

80.5 

117.5 

177.0 

86.0 

55.0 

.37.  r> 

49.0 

107.0 

85.0 

122.0 

171.5 

84.0 

54.0 

37. 0 

49.0 

119.5 

81.5 

123.0 

168.5 

82.5 

WL  5 

37.0 

50.5 

123.5 

81.0 

123.0 

161.5 

80.0 

5.3.0 

36. 5 

51.0 

123.5 

80.5 

128.5 

156.0 

78.  :^ 

52. 0 

36.5 

52.5 

126.0 

80.5 

135.0 

154.0 

77.0 

51.0 

.36.5 

55.0 

126.0 

81.0 

143.5 

152.5 

83.0 

49.0 

36. 0 

58.5 

125.5 

81.0 

144.5 

154.0 

84.5 

48.0 

35.5 

61.0 

125.0 

81.5 

148.0 

1.53.6 

8:1.5 

48.0 

37.0 

63.0 

121.0 

84.5 

156.5 

148.5 

79.5 

50.0 

38.5 

68.5 

115.5 

86.5 

162.5 

143.5 

75.5 

50.5 

38.5 

73.5 

110.6 

86.0 

160.5 

138.0 

72.0 

50.0 

37.0 

75.0 

112.5 

87.5 

173.5 

135.0 

70.0 

48.5 

38.5 

75.5 

112.0 

92.0 

17&.5 

132.0 

69.0 

46.0 

.38.5 

79.0 

109.5 

93.5 

184.6 

126.5 

67.0 

45.5 

38.5 

81.0 

116.6 

90.5 

100.0 

121.0 

66.5 

44.0 

38.5 

82.0 

116.5 

90.0 

189.0 

117.5 

66.0 

4.3.0 

37.5 

75.5 

113.5 

91.5 

188.5 

116. 0 

65.5 

42.5 

37.0 

75.0 

110.0 

92.5 

186.0 

113.5 

61.6 

41.5 

36.0 

78.0 

106.5 

92.5 

190.5 

110.5 

59.5 

42.0 

35.0 

86.0 

104.0 

94.5 

192.0 

110.0 

60.0 

40.0 

35.0 

92.5 

104.5 

99.5 

192.0 

108.5 

68.5 

39.0 

35.5 

99.0 

107.0 

100.5 

198.0 

105.0 

57.5 

38.5 

35.5 

101.5 

112.5 

100.0 

199.5 

102.0 

67.0 

40.0 

35.5 

107.5 

118.0 

100.0 

199.0 

99.6 

56.0 

39.5 

35.5 

111.0 

119.5 

103.0 

194.5 

96.5 

56.0 

38.5 

35.5 

109.0 

111.0 

98.0 

56.6 

35.5 

70.6 

113.0 

92.8 

159.3 

140.0 

78.0 

47.3 

36.9 

3.5.0 
35.0 
35. 0 
3.5. 0 
35.0 
.35. 0 
.35. 0 
35. 5 
36. 0 
37. 0 
37.5 
30.0 
40.5 
41.5 
40.0 
39.0 
.38. 5 
37.0 
36.0 
34.5 
33.0 
32.0 
31.6 
31.0 
30.5 
20.5 
29.0 
27. » 
26.5 
26.0 


34.5 


26.0 
25.  5 
25.0 
25.0 
2.5.0 
25.5 
26.0 
25.5 
24.0 
24.0 
25.  5 
26.0 
25.0 
23.5 
22.5 
22.5 
21.5 
21.5 
21.5 
21.0 
20.5 
20.5 
21.0 
21.0 
21.5 
21.5 
22.0 
22.0 
22.0 
22.5 
23.6 


23.2 


ENG  91- 


-240 


■ 


3^ 


se7j 


i  \ 

s 

* 

Q! 

'*IA 

t)  " 

«>     " 

s? 

1- 

1- 

^. 

^ . 

SOi. 

s. 

/40 


I      40 


4t0  $0 
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Mean  monthly  discharge  of  Mieaouri  Ewer  for  a  period  of  19  years,  etc, — Continued. 

SIOUX  CITY. 


Tear. 


1879 
1880 
1881 
1882 
1883 
1881 
1885 
1886 
1887 
1888 
1889 
1800 


Means... 


Jan. 


10.0 
14.1 
23.3 
20.2 
12.9 
27.4 
35.6 
28.9 
35.0 
45.6 
.33.0 
34.6 


25.5 


Fob. 


21.4 
19.0 
29.1 
18.7 
12.5 
21.9 
49.5 
39.7 
36.1 
57.8 
43.0 
84.4 


Mar. 


82.0 


81.7 

13.9 

103.2 

20.1 

49.6 

64.8 

76.6 

78.3 

119.5 

101.0 

49.5 

39.0 


62.2 


Apr. 


88.8 
48.5 

305.1 
45.7 
67.1 
86.9 
66.6 
55.6 
75.3 

145.0 
43.0 
48.8 


89.7 


May. 

June. 

July. 

Aug. 

Sept. 
22.4 

Oct. 

68.3 

141.9 

111.4 

44.5 

17.7 

39.7 

100. 1 

137.8 

64.7 

39.4 

25.3 

76.0 

110.7 

64.0 

37.3 

27.1 

2:i.O 

53.0 

113.2 

92.0 

37.9 

18.8 

20.0 

88.7 

126.3 

122.5 

38.4 

19.8 

14.7 

53.4 

141.8 

100.0 

46.6 

28.3 

29.0 

57.0   127.1 

102.6 

60.2 

41.1 

32.3 

40.9 

107.5 

81.4 

50.3 

31.9 

23.6 

68.4 

168.0 

132.0 

67.4 

68.8 

39. 6 

99.5   155.1 

146.9 

74.6 

43.2- 

:m).6 

40.0 

67.2 

70.4- 

41.2 

25.1 

1».6 

40.6 

102.3 

87. 6     47. 5 

1 

32.2 

24.6 

62.0 

121.8 

104.0 

50.9 

33.  :2 

25.0 

Nov. 


18.4 
22.7 
17.9 
13.9 
12.7 
25.9 
31.3 
26.0 
36.8 
27.0 
18.0 
25.2 


22.9 


Doc. 


13.2 
20.6 
11.4 
10.2 
8.5 
20.1 
22.3 
28.5 
30.9 
15.0 
15.0 
21.9 


18.0 


Annual 
means. 


49.6 
45.5 
00.0 
38.6 
47.8 
5.x  8 
58.6 
50.0 
7.1.2 
78,4 
38.8 
44.7 


54.0 


yoTB.— Hoods  rcqnire  7  clays  to  nass  from  Sioux  City  to  St.  Charles;  honco  those  monthly  means 
can  not  be  directly  compared  at  the  diiferont  stations. 

Total  annual  discharge  of  Missouri  River  for  a  period  of  1£  years,  1879-1800,  expressed 

in  cubic  miles. 


Tear. 


1870 
1880 
1881 
18S2 
1883 
1884 
1885 


St. 

Kansas 

Sionx 

Charles. 

City. 

City. 

15.44 

14.13 

10.63 

14.41 

12.46 

9.75 

26.60 

22.29 

14.79 

16.44 

11.88 

8.27 

23.71 

18.39 

10.26 

2:^.28 

17.06 

11.53 

24.44 

16.23 

12.  S6 

Year. 


1886. 
1887. 
1888. 
1889. 
1890. 


Means 


20. 15 


Sf. 

KunHas 

Charles. 

City. 

17.63 

13.27 

21.16 

18.03 

25. 27 

ID.  77 

17.04 

10.61 

16. 34 

10.46 

15.34 


Sioux 
City. 


10.72 

15.69 

16.81 

8. 32 

9.58 


11.58 


Appendix  A  10. 

annual  report  of  mr.  jamks  a.  seddon;  assistant  engineer,  1891. 

Office  Missouri  River  Commission, 

St,  Louis,  Mo.,  June  SO,  1801, 

Sir:  I  have  the  honor  to-snbmit  the  following  report  on  the  study  of  physical  data 
for  the  fiscal  year  ending  .Tnne  30,  1891. 

The  work  has  consisted  in  completing  the  first  general  study  of  the  Missouri  River 
discharge  and  gauge  data,  and  in  determining  the  mean  discharges  from  1879  to  1890 
of  the  river  at  Sioux  City,  Kansiis  VAiy,  and  St.  Charles.  Following  this,  a  more 
carefnl  analysis  of  the  movement  of  floods,  the  permanency  of  gauge  relations,  and 
the  cause  of' changes  of  plane  Wtis  taken  up.    This  study  is  still  in  progress. 

STUDY  OF  THE  MISSOURI  RIVER  DISCHARGE  AND  GAUGE  DATA. 

All  the  discharge  data  taken  on  the  Missouri  River  have  been  published  in  the  re- 
port of  the  Commission  for  the  year  ending  June  30,  1887,  anu  the  gauge  data  to 
1885,  and  again  to  1889,  in  pamphlet  form.  The  special  object  of  this  investigation 
was  to  determine  the  laws  of  the  variation  of  tlischarge,  with  sta^e,  by  which  the 
mean  discharges  from  1879  to  1890  could  be  computed  at  Sioux  City,  Kansas  City, 
and  St.  Charles,  to  correspond  with  the  mean  gauge  readings  of  the  same  period. 

By  reference  to  the  above  discharge  data  it  will  be  seen  that,  excepting  some  low- 
stage  observations,  of  no  help  iu  the  invcstigatiou,  all  that  was  available  was  a  very 
full  series  of  observations  at  St.  Charles  in  1879,  aud  a  short  series  at  Sioux  City  in 
the  same  year,  a  fair  series  at  AtchiHim  iu  1882,  with  a  scattering  series  at  Nebraska 
City,  and  a  very  short  series  at  Omaha  the  same  year;  also  a  fair  falling-stage  series 
at  Kansas  City  in  1883.  In  addition  to  theHc  obHcrvod  discharges,  use  was  made  of 
a  series  deduced  for  St.  Charles  in  1881  by  takiug  the  diflforeijce  between  the  St» 
I^ouia  »nd  the  Gr^ftoA  observations  of  that  y©w» 
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The  only  study  prior  to  this  investigation  of  dischargn  on  the  Missouri  River  hftd 
been  strictly  local  in  its  character,  consisting  in  passing  approximate  mean  carves 
through  the  various  local  series  of  observations;  and  it  was  known  from  other  in- 
vestigations that  this  method  might  lead  to  very  large  errors,  especially  where,  as 
in  certain  places  on  the  river,  the  number  of  the  observations  were  few  and  the  rani^e 
on  the  gauge  small. 

The  method  here  followed,  therefore,  consisted  in  first  determining  the  relations 
that  existed  between  the  gauge  readings  from  point  to  point,  from  Sioux  City  to  St. 
Charles,  or  the  lines  of  gauge  relation ;  after  which  a  standard  discharge  curve  could 
be  transferred  from  point  to  point  by  those  lines. 

In  the  determination  of  the  gauge  relations  it  was  known  from  other  investiga- 
tions that  by  allowing  a  constant  time  interval,  to  be  determined  by  trial,  between 
two  gauges,  the  readings  at  the  lower  point  should  plot  as  abscissas  to  the  rea<liu ^^s 
of  the  upper  as  ordinatcs,  on  a  definite  line,  except  where  increments  to  the  dis- 
charge from  tributaries  between  the  gauges  c>aused  the  lower  value  to  diverge  from 
this  line,  or  except  where  a  phenomenon  called  "change  of  plane''  occurred,  which 
was  duo  to  a  break  in  the  normal  variation  of  discharge  to  gauge  at  one  or  both 
points.  This  phenomenon  of  change  of  plane  has  been  traced  the  most  fully,  and 
reported  on,  in  the  study  of  Lower  Mississippi  discharge  and  gauge  data. 

The  gauge  readings  were  therefore  plotted  as  gauge  relations,  with  various  trial 
intervals,  and  in  various  combinations  of  reaches,. such  as  Kansas  City-St.  Charles 
gauge  relation;  and,  again,  the  combination,  Kansas  City-Boonville,  Boonville-ller- 
mann,  and  Hermann-St.  Charles  relations^  the  subdivision  into  short  reaches  mak- 
ing it  easier  to  identify  and  allow  for  tributary  increments  and  changes  of  plane, 
and  furnishing  additional  methods  of  deducing  the  equivalents  between  points. 

At  the  outset  of  the  investigation  the  questions  were  open  whether  on  the  Mis- 
souri River  the  time  interval  was  constant,  and  whether  straight  lines  of  constant 
inclination  would  satisfactorily  express  the  gauge  relations.  It  was  already  known 
that  the  absolute  position  of  the  lines,  wherever  studied,  varied  from  time  to  time. 

The  plotting  of  the  gauge  readings  showed  that,  while  there  might  be  some  vari- 
ation of  the  interval  between  dinerent  floods,  such  as  a  small  change  at  times 
between  the  spring  and  the  regular  June  flood,  yet,  for  the  determination  of  the 
lines  of  gauge  relation,  a  constant  interval  of,  approximately,  110  miles  per  day 
along  the  whole  river  mi^ht  be  satisfactorily  used;  also,  that  while  special  relations 
niigiit  show  a  local  peculiarity  at  stages,  notably,  as  an  instance,  an  indication  of 
engorgement  at  Glasgow  at  high  water,  yet  the  general  relations  between  points 
might  be  satisfactorily  expressed  by  straight  lines  of  constant  inclination.  Fur- 
ther, the  plotting  showed  that,  during  the  periods  subject  to  the  effects  of  ice  action, 
no  definite  gauge  relations  could  be  said  to  exist. 

Finally,  from  the  plottiug  of  the  gauge  readings,  very  satisfactory  relations  were  ob- 
tained for  all  the  reaches,  except  the  Omaha-Nebraska  City  and  the  Atchison-Kansas 
City  reaohes,  the  former  having  the  Platte  River  and  the  latter  the  Kaw  River  en- 
tering as  tributaries  between  the  upper  and  the  lower  gauges;  and  the  preliminary 
lines  determined  from  the  ^auge  readings  for  these  reaches  were  revised  and  changeil 
in  a  further  study  of  the  discharge  data.  With  these  exceptions  the  relations  be- 
tween gauge  readings  for  equal  volumes  of  discharge,  or  the  relations  between  local 
discharge  curves,  from  Sioux  City  to  St.  Charles,  were  determined  from  gauge  read- 
ings alone. 

In  the  following  tabulation  are  given  two  points  of  theeqnivalent  readings  on  the 
principal  gauges  for  the  most  permanent  position  of  the  relation  in  the  year  1879. 

Points  of  equivahnt  gauge  relatione,  1879. 


Sioux 
City. 

Omaha. 

^^-«^*Atchison. 

Kansas 
City. 

=    322'.  6  = 
=     305. 8  = 

St. 
Ciiarles. 

=     22'.  2 
3.9 

680'.  0   = 
660.7   = 

:  563'.0   = 
:    551.0    = 

1 
=  506'.  8    =    369'.  85  : 
=    496.0    =     356.20  •- 

It  is  seen  that  these  points  fix  the  straight  line  of  the  equivalent  relation  between 
any  two  of  the  gauges.  Thus  the  volume  of  discharge  at  that  time  passing  Sioux 
City  with  the  stage  680^0  on  that  gauge  would  pass  St.  Charles  with  the  stage  ^'.2, 
and  the  same  holds  for  the  stages  666^7  and  3'. 9,  respectively,  while  any  intennedi- 
ate  value  of  gauge  at  Sioux  City  would  have  its  equivalent  intermediate  value  at 
St.  Charles  in  the  simple  ratio  to  the  change  at  Sioux  City. 

•  As  before  stated,  the  lines  representing  equivalent  gauge  readings,  whei'ever  stud- 
ied, have  been  found  only  constant  in  their  inclinations,  and  shifting  from  time  to 
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time  to  parallel  poaitions,  with  correspondiug  shlftings  in  the  positions  of  the  dis- 
charge curves  at  the  points.  The  relations  on  the  Missonri  River  were  found  to  be 
no  exception  to  this  rule,  and  variations  from  the  1879  positions  of  one  or  more 
feet  may  be  found  from  year  to  year.  Thus,  on  another  year  680.^0  at  Sioux  City 
might  correspond  with  562'.0  at  Omaha,  in  which  case  666'.7  would  correspond  with 
550^0.  Such  a  change  would  in  no  way  affect  the  relation  infoi*m  between  the  dis- 
charge curves  at  Sioux  City  and  Omaha,  but  only  their  relative  position  on  their 
respective  gauges,  and  considerable  changes  of  this  character  are  known  to  occur. 

In  fact,  by  far  the  larger  pai-t  of  the  evidence  from  which  we  conclude  that  there 
is  a  permanent  normal  law  of  variatidh  of  discharge  with  gauge  at  a  locality  rests 
on  the  permanent  inclination  of  the  ^auge  relations.  For  the  same  variations  of 
volume  passing  the  two  points  year  aiter  year,  and  causing  rises  aud  falls  on  the 
fcwo  gauges  in  the  same  constant  ratio,  lemls  us  to  the  conclusion  that  the  change 
in  gauge  at  each  point  is  a  definite  constant  function  of  the  change  in  volume  there, 
with  much  greater  force  than  the  evidence  of  the  scattering  discharge  data  that 
have  been  collected. 

In  the  above  gauge  relations,  as  also  in  all  the  following  data*of  this  report,  the 
gauge  elevations  used  are  those  of  the  1886  reduction  to  the  St.  Louis  directrix,  or 
elevations  without  the  -{■(y,S  added. 

After  the^determination  of  the  relations  of  the  discharge  curves  from  point  to  point, 
it  was  necessary  to  determine,  as  well  as  possible  the  actual  curve  of  the  variation 
of  discharge  with  gauge  at  some  one  point,  which  might  then  be  taken  as  a  stand- 
ard iiud  trausft'rred  to  any  of  the  others  through  the  equivalent  gauge  relations. 

By  far  the  most  complete  series  of  discharges  taken  on  the  river  were  those  of  St. 
Charles  in  1879,  and  a  mean  curve  had  already  been  computed  for  them.  It  was 
also  seen  that  this  curve,  when  suitably  shifted  on  the  gauge  scale,  agreed  very  well 
with  the  series  deduced  for  St.  Charles  in  1881,  aud  on  trial,  transferring  it  to  Kan- 
sas City,  it  showed  so  fairly  the  curvature  of  the  1883  observations  at  that  point 
(fitting  them  by  being  put  down  0'.6  on  the  gauge)  that,  without  Airther  revision, 
it  was  accepted  as  the  standard  curve  for  transfer  from  point  to  point. 

The  ordinates  of  this  curve  in  its  position  for  the  principal  plane  of  1879  are  given 
in  the  following  tabulation : 

Ordinates  of  the  1879  discharge  curves. 


General 

value  of 

discharge.* 

Values  of  gauge. 

St. 
Charles. 

Kaimas 
City. 

Sioux 
City. 

Feet. 

Feet. 

Feet. 

8.4 

1.0 

303.14 

664.69 

9.6 

2.0 

304.06 

665.32 

12.0 

3.0 

304.97 

666.05 

15.5 

4.0 

305.89 

066.77 

20.0 

5.0 

306.81 

687.50 

25.4 

6.0 

307.73 

668.23 

31.6 

7.0 

30a65 

668.05 

38.4 

8.0 

309.56 

660.68 

46.0 

9.0 

310.48 

070.41 

54.3 

10.0 

311.40 

671.14 

63.3 

11.0 

812.32 

671.86 

73.1 

12.0 

313.24 

672.59 

83.8 

13.0 

314. 15 

673.32 

95.5 

14.0 

315.07 

674.04 

108.4 

15.0 

315.99 

674.77 

122.7 

16.0 

316. 91 

675.50 

138.5 

17.0 

317.83 

676.22 

156.1 

18.0 

318. 74 

676.95 

175.8 

19.0 

319.66 

677.68 

197.8 

20.0 

320.58 

678.40 

222.6 

21.0 

321.50 

679.13 

250. 4 

22.0 

322.42 

679.86 

281.6 

23.0 

323.33 

680.59 

316.7 

24.0 

324.25 

681.81 

356.2 

25.0 

325. 17 

682.04 

400.4 

26.0 

326.09 

682.77 

440.0 

27.0 

327.01 

683.49 

505.3 

28.0 

327.92 

684.22 

667.0 

29.0 

328.84 

684.95 

635.8 

80.0 

829. 76 

685.67 

•  The  unit  taken  for  disoluurge  is  1,000  oobto  feet  per  leoood. 
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'file  above  ordinates  are  those  computod  for  the  curve  at  St.  Charles  and  deducetl 
iVom  the  1879  lines  of  equivalent  gauge  relations  at  Kansas  City  and  Sioux  City. 

The  accompanying  plate  gives  the  discharge  data  with  the  standard  and  trans* 
forred  curves  at  St.  Charles,  Kansas  City,  and  Sioux  City.  In  plotting  the  St. 
C'harles  1879  discharges,  those  of  the  sharp  April  rise  were  omitted,  as  they  were  not 
used  in  computing  the  mean  curve.  The  agreement  of  this  curve  with  the  obser- 
vations is  well  shown.  / 

In  the  St.  Charles  1881  deduced  discharges,  the  values  of  discharge  show  much 
gi'eater  divergences  ftrom  the  mean  curve  of  that  year.  This  is  altogether  what 
wouhl  be  expected,  for  they  contain  in  their  St.  Charles  values  the  combined  errors 
of  the  observations  at  both  Grafton  and  St.  Louis :  and  it  should  also  be  remembered 
tiiat  an  error  which  was  only  a  small  per  cent  of  tne  larger  St.  Louis  discharge,  when 
carried  up  to  St.  Charles,  might  be  a  much  larger  per  cent  of  the  discharge  there. 
Tlu'Me  values  show  that  the  mean  curve  of  1881  at  St.  Charles  has  a  decidedly  lower 

}>o8itiou  on  the  gau<;e  than  in  1^79.    It  is  taken,  as  an  approximation,  at  I  foot 
ower.     But  especially  are  they  interesting  in  showing  the  continuation  oi  the  curve 
viilues  to  the  high  stages  of  that  year. 

.  This  flood  of  1881  was  within  the  banks  at  St.  Charles,  and  its  variation  of  dis- 
charge with  gauge  is  in  Htriking  contrast  with  the  1883  flood  observations  at  Kansas 
(*ity,  where  the  river  was  out  of  the  banks  during  the  Arst  four  observation  (Nos.  1 
to  4),  and  where  we  see  a  most  marked  decrease  Irom  the  normal  variation  of  dis- 
charge; the  highest  observation.  No.  2,  being  116,000  cubic  feet  per  second  less  than 
the  curve  value  fur  that  stage,  while,  after  the  river  falls  to  within  banks,  the  curve 
agrees  very  fairly  with  all  the  other  observations. 

In  the  Sioux  City  1879  observations,  beyond  the  change  of  plane  suggested  be- 
tween Nos.  4  and  ft,  the  curve  represents  very  fairly  the  discharges.  It  depends,  as 
before  stated,  almost  altogether  on  the  gauge  relations,  and,  for  this  long  transfer 
from  St.  Charles  (778  miles),  it  is  considered  very  satisfactory. 

MEAN  DISCHARGRS  FROM   1879  TO  1890. 

In  determining  the  mean  discharges  from  1879  to  1890,  it  was  first  found  by  trial 
that  the  mean  dineharge  could  not,  with  a  satisfactory  degree  of  approximation,  be 
scaled  on  a  discharge  curve  f^om  the  m€ati  gauge  readings;  for  it  introduced  some- 
times a  large  and  always  a  constant  error.  The  discharge,  scaled  on  a  curve  ibr  the 
mean  gauge  reading,  being  smaller  than  the  mean  of  the  discharges  scaled  from  the 
individual  gauge  readings  on  the  same  curve,  on  account  of  the  higher  gauge  read- 
ings having  discharges  larger  in  more  than  a  simple  ratio.  This  source  of  error 
would  cause  the  tliseharge  corresponding  to  the  mean  gauge  readings  to  be  at  times 
more  than  30  ]>er  <'ent  too  small,  and,  as  a  general  average  for  the  whole  period  at 
the  three  points,  about  6.6  per  cent  too  small.  It  was,  therefore,  necessary  to  scale 
the  discharges  corresponding  to  individual  gauge  readings,  and  make  up  their  daily 
means. 

While  the  absolute  position  of  the  curves  could  be  readily  flxed  in  1882  and  1883 
from  the  gauge  relations,  combined  with  the  discharge  data  taken  on  the  river  in 
tbose  years,  still  the  absolute  positions  of  the  curves  for  the  other  years  was  inde- 
termiilate ;  so  that,  after  a  preliminary  study  of  the  relations  of  the  mean  daily  gauge 
readings  had  been  made,  it  was  concluded  that  the  best  method  would  be  to  scale 
all  the  discharges  uniformly  from  the  1879  curves,  as  a  first  approximation,  and  re- 
vise these  approximate  values,  in  the  comparison  of  the  variation  of  discharge  down 
the  river. 

For  this  the  daily  discharges  scaled  on  the  1879  curves  were  plotted  as  daily  va- 
riations, shifted  by  the  time  intervals  to  correspond  with  Kansas  City  dates;  the 
three  variations  for  each  year  at  St.  Charles,  Kansas  City,  and  Sioux  City  being 
plotted  to  the  same  zero  of  discharge  scale,  thus  showing  the  changes  in  volume 
from  point  to  point  each  day.  From  a  study  of  these  the  most  probable  changes  of 
plane  were  determined  for  periods  that  showed  inconsistent  values  of  discharge,  and 
where  observed  discharges  on  the  river  gave  positive  data,  and  on  these  planes  cor- 
rected values  of  discharge  were  scaled  and  substituted. 

The  most  pronounced  divergence  from  the  1879  curves  shown  seemed  to  be  a  per- 
manent lowering  of  the  curve  at  St.  Charles  after  the  high  water  of  1888,  which,  it 
was  concluded,  was  connected  with  the  marked  change  in  channel  there  at  that 
time,  the  river  changing  its  course  then  f^m  around  the  St.  Charles  Island  to  straight 
down  the  city  front. 

A  special  stud^  of  the  relation  of  computed  curve  discharges  at  St.  Charles,  Graf- 
ton, and  St.  Louis,  before  and  after  1883,  was  here  made,  in  the  hope  of  being  able 
to  definitely  value  this  change  at  St.  Charles.  This,  however,  was  not  altogether 
successful,  and  these  changes  of  plane  were  finally  arbitrarily  assigned  TalQM  Ihfem 
the  doily  yariatloni  of  disonarge,  m  in  the  other       ' "~ 


-.-  *\. 
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V  flke.tch  of  Dike  No.  7,  sliowingf  the  upper  row  of  piling  and  the  p 
waling  ana  willow  curtains.    The  muci  and  sand  deposit  and  the  p 
foot  mat,  all  of  which  were  determined  by  probiugs  and  soundings  ta 
also  indicated;  8tafi:e  of  water.  672^30. 

])1iotograph*  of  the  dikes  taken  September  1,  showing  the  deposit  m 
preceding  June  rise.    Stag«  of  water,  668'. 20. 

\  photograph*  of  Dike  No.  2,  taken  May  81,  showing  longitudinal  bri 
low  curtains  constructed  during  May. '  Stake  of  water,  672^50. 

FINANCIAL  STATEMENT. 

10  linear  feet  of  waling: 

1 $422.13 

ings  (nails,  staples,  and  drift  bolts) 217. 63 

placing  waling) 300. 45 

lO  linear  feet  of  willow  curtains: 

iig  willow  brush 16.00 

( cutting  brush) 51. 80 

.  hauling  brush) 108.90 

.ings  (staples  an<l  wire) 43. 84 

of  construction 250. 15 

47( 

appliances i 

penses  (traveling  expensos) 1' 

I'ation 19( 

:il  amount  expended 1, 62^ 

1,  colonel,  very  respectfully,  your  obedient  servant, 

Chas.  F.  Po'iter, 
IHHaion  Enginet 
'ol.  Chas.  R.  Sutek, 
orpa  of  Engineers,  U.  S.  A., 

President  Missouri  Hirer  Commission, 
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,NUAL  RRPOKT  OF  MR.  CHAS.  F.   POTTER,   DIVISION  ENGINEER,   1891. 
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Missouri  River  Commission, 

Office  of  Division  Engineer, 

Omaha,  Nebr,,  July  1,  18B 

kl:  I  have  the  honor  to  submit  the  following  report  upon  progress  of  i« 
.-  charge  at  Omaha,  Nebr.,  during  the  fiscal  year  ending  June  30,  1891. 
:e  was  maintained  at  Omaha  throughout  the  year,  from  which  all  worl 
lift  division  was  directed. 

incipal  works  under  my  charge  during  the  year  consisted  of  the  shore- 
ad  the  construction  of  willow  curtains  on  the  Sioux  City  dikes,  eac] 
un  been  made  the  subject  of  a  special  report. 

were  no  works  of  construction  in  operation  during  the  year  in  the  vici: 
a. 

'ter  boat  was  made  for  the  accommodation  of  the  survey  party  in  Septen 
ructing  a  cabin  on  barge  No.  11,  and  hereafter  it  will  be  used  as  a  bi 
boat  on  construction  work. 

/y  sand  deposit,  made  on  the  inclined  portion  of  the  ways  during  the  J 
S&O  was  removed  in  the  early  part  of  October  by  using  a  jet  of  water  frc 
ter  pump. 

ork  of  pulling  out  the  boats  onto  the  waj^s  at  the  Council  Bluffs  boat  3 
uuenced  October  21  and  finished  November  20. 

watchmen  were  employed  during  the  winter  in  taking  care  of  the  plant 
luges  at  Sioux  City,  Blair,  Omaha,  and  Plattsinouth  were  inspected  < 
and  corrections  made  in  the  length  of  the  cable  when  necessary, 
^ril  7  a  project  was  submitted  for  the  expenditure  of  the  Council  Bluffs  a 
lade  by  the  Missouri  River  Commission  March  27. 


"Omitted, 
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In  the  project  an  allowance  waa  made  for  extensive  repairs  to  plant,  and  a  speeial 
detailed  estimate  of  the  same  was  submitted  on  the  same  day  as  the  main  project. 

Both  the  project  and  estimates  for  repairs  to  plant  were  approved  by  yon  on  Apdl 
df  but  no  actnal  work  or  expemUfeure  connected  with  the  new  allotment  was  began 
until  May  1. 

Work  on  repairs  to  plant  commenced  May  11„  and  the  decayed  portions  of  the  fol- 
lowing boats  were  removed,  viz,  8  barges  100  by  25  feet,  2  bargee  64  by  16  feet^  2 
quarter  boats,  2  pile-sinkers,  and  2  umbrella  boats. 

The  lumber  for  repairs  commenced  to  arrive  on  May  26,  and  sinoe  that  date  qaar> 
ter  boats  Kos.  2  and  4  have  been  supplied  with  lower  web  strakes,  floor  atrakea^  and 
entire  new  bottoms. 

The  roofs  of  all  covered  boats,  including  quarter  boats  and  pile-sinkers,  were  over- 
hauled, and  in  most  cases  an  entire  new  covering  of  canvas  was  used,  and  followed 
by  two  coats  of  paint  and  a  covering  of  sand. 

The  tow-boat  Capiiola  Butt  was  sent  from  Omaha  to  Nebraska  City,  Nebr.,  the  latter 
part  of  May  and  returned  with  a  to w  consisting  of  2  small  quarter  boats,  6  skiff's^  and 
other  engineer  property  that  was  left  at  the  Nebraska  City  boat  yard  by  the  shore- 
line survey  party  in  November. 

There  has  been  no  break  or  destruction  of  any  description  during  the  year  in  any 
portion  of  the  works  of  Missouri  River  improvement  constructed  during  the  past 
3  years  at  Omaha  and  Sioux  City. 

FINANCIAL  STATEMENT. 

Expenditwre  from  July  1  to  May  1, 

Construction  of  brush  quarter  boat : 

Material $175.74 

Labor 168.62 

Subsistence 28.00 

$372.38 

Care  of  plant : 

Labor [ 1,174,27 

Subsistence 332.76 

1,507.03 

Pulling  out  boats: 

Labor 1,213.50 

Supplies 82.69 

SubHiHtence 383.49 

1,679.68 

General  supplies 73. 03 

Sundry  expenses  (rent  of  oflice  and  telephone,  travolnig  expenses,  etc.)..         G93. 15 
Administration 3, 027. 08 

Total 7,352.33 

The  above  expenditures  were  divided  between  three  allotments  as  follows: 

Omaha  allotment $1, 780. 45 

Sioux  City  allotment 3,980.06 

Care  of  plant  allotment 1, 591. 82 


7,362.33 


Council  lihiffn  allotment 

(Expenditure  from  May  1  to  July  1.) 

Repairs  to  plant: 

Material 3,061.50 

Labor 2,640.12 

Subsistence 705.96 

Care  of  plant : 

Labor 70.50 

Subsistence 22. 85 

Towing : 

Labor 128.34 

Supplies 93.90 

Subsistence 34.36 


6,407.! 


98.: 


366. 


T»^Wi^^^^W"^ 
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General  supplies  (tools,  etc. ) $90. 70 

Sundry  expenses  (rent  of  office  and  tel»:plw)ii(',  truvcliii"™:  expenses,  etc.)--         108.20 
Administration 1, 041. 34 

Total 7,997.77 

Total  expenditure  for  the  year  endiii«j^  Jim.'  30,  1^91,  $15,')50.10. 
I  am,  colonel,  very  respiurt fully,  your  <ibcdieut  serviiut, 

Chas.  F.  Potter, 

Division  Engineer. 
Lieut.  Col.  Chas.  R.  Sutkk, 

Corps  of  Engineer Hy  V.  S,  A. 

President  Missouri  Birer  Commission, 
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ANNUAL  REPORT  OF  MR.    9.  WATKKS   FOX,  DIVISION  ENGINEER,  1891. 

Mis80i'iK  KiVEu  Commission, 

OiFicK  OF  Division  Engineer, 
Si.  Josephy  Mo.y  June  SOy  1891. 

Colonel:  'I  have  the  honor  to  subniit  the  followiuuj  report,  and  the accompany1n|Bf 
maps  and  photographic  views,*  of  the  operations  under  niy^  charge  on  the  St.  Joseph 
division  of  the  Missouri  River,  during  tne  fiscal  year  ending  June  30,  1891. 

IN  THE   VICINITY  OF  NEBRASKA  ITFY,  NEBRASKA. 

Work  on  this  reach  consisted  in  the  extension  of  the  Nebraska  City  Island  revet- 
ment, and  the  care  and  repair  of  plant. 

Eetetment  (see  accompanying  map  a  to  d). — During  the  month  of  July,  1890,  the 
shore  bar  at  the  head  of  the  island  eroded  with  a  rapidity  that  indicated  the  early 
exposure  to  the  current  of  the  main  bank.  Preparations  were  begun  for  its  protec- 
tion, by  the  extension  upstream  of  the  revetment  constructed  the  year  previous. 

A  quarry  was  opened  at  Jones  Point  Augnst  1,  and  operated  until  August  31, 
when  the  required  quantity  of  riprap  stone,  1546.71  cubic  yards,  had  been  pro- 
cured. A  brush  party  was  put  in  the  field  August  3,  and  continued  work  until  the 
21st,  procuring  460.3  cords  of  brush.  As  a  portion  of  the  bank  to  bo  protected  had 
been  graded  the  year  previous  it  was  thought  that  the  balance  of  it  could  be  done 
by  hand;  but  the  current  was  so  swift  and  bank-caving  so  rapid  that  it  became 
necessary  to  resort  to  the  use  of  a  jet.  Pile-sinker  No.  7  was  put  into  service  as  a 
gratler,  and,  between  August  11  and  18,  graded  853  linear  feet  of  bank,  in  which 
were  2,245  cubic  yards  of  earth.  When  weaving  of  mattress  began,  August  12,  940 
linear  feet  of  the  main  bank  had  been  exposed,  and  there  seemed  to  be  no  tendency 
to  bank  erosion  higher  up.  The  start  with  mattress  was  therefore  made  at  point  & 
on  accompanying  map,  that  distance  above  the  head  of  the  old  revetment,  and  by 
August  27  the  new  work  lapped  the  old,  100,031  square  feet  of  mattress  having  been 
woven.    The  ballasting  was  finished  September  2. 

Cost  exhibit  in  detail  of  940  feet  of  revetment,  Nebraska  City,  Nebr.,  1890, 


Classification  and  extent. 


Coat  i)er 
unit. 


Procuring  511.2  cords  of  bmsh,  viz: 

Stampage,  323.75  corda 

Cutiing..... t      0.3743 

Binding:  i 

Labor $10C.0()?| 

Material 32. 06  5  [ 

Hanling 

Barging 

Subsistence  

Towage: 

Labor 0.2124 

Fuel 0.0833 

Snbsiatenoe  0.0804 


$0.0800 


0.2700 

0. 21C3 
0. 1501 
0.3310 


Cost  each 
item. 


$33.90 
191. 37 


138.06 

110.60 

76.76 

169.66 

108.60 
42.60 
4L10 


912.64 


Cost  per 

linear 

foot. 


$0.9709 


*  Omitted. 


Cost  940 
feet  revet- 
ment. 


1911. 6« 
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Cost  exhibii  in  detail  of  940  feet  of  revetment j  Nehranlca  City,  Nehr,,  1890 — Continned. 


ClassiflcAtion  and  extent. 

Cost  per 
unit. 

Cost  each 
item. 

Cost  per 

linear 

foot. 

Cost  940 
feet  revet- 
ment 

Procuring  1, 546. 71  'cubic  yards  rock,  vIe  : 

Onarrv  nrivilcire 

fO.OlOO 
0.0322 
0.0869 
0. 2484 
0.0824 
0.1824 

0.1534 
0.0601 
0.0580 

$15.46 
51.35 
134.12 
383.92 
127.50 
282.20 

238.07 
92.85 
80.62 

$1.5054 
7.010 

.5494 
.2872 

.1342 

Onarrv  MniiDliea 

StriuDinif - 

( [Harrying 

I  arsrinir 

SubftiHtence  

Towage : 

Labor 

' 

Fuel 

Subsistence  

, 

1,415.09 

403.70 
255.29 

$1,415.00 

Weaving  940  feet  uiattivss,  viz: 

I^bor 

Subsistence 

.4295 
.2715 

.7010 

658.99 

658.90 

Ancborage  940  feet  mattress,  viz : 

Labor 

.1072 
.0531 

.2969 
.0922 

100.85 
49.96 

279.11 
86.09 

Subsistence 

Material: 

Slrftnd  #  in*>bi»ii»     - , , 

Cable  li  inches 

.5194 

516. 61 

516.61 

Placing  rock,  1,546.71  cubic  yards,  viz: 

l^ibor 

.1214 
.0532 

187.70 
82.29 

Subsistence 

.1746 

269.99 

269.90 

Hydraulic  gnuliug,  2,245  cubic  yards,  viz : 

Labor. • 

.0353 
.0061 
.0148 

79.20 
13.75 
33.16 

Fuel   

StibsiHtenco 

.0562 

126.11 

126.11 

Total 

4. 1481 

8,899.43 

Bill  of  cost,  940  feet  of  reretment^  Nebraska  City,  Nehr.y  1890. 


Classification  and  extent. 


323.75  cords  of  brush,  stunip-ige  at  8  cents 

187. 45  cords  of  brush,  stunipage  free 

611.2  c^rds  of  brush,  on  Iwirgn 

675  ]>onnds  binding  wire,  at  4|  cent* 

5638.6  pounds  wire  strand  j  inches,  at  4.05  C4^uts 

3650  feet  l|-inch  cable,  at  2.37 J  cents 

Quarry  privileges 

Quarry  supplies,  powder,  fuse,  and  coal 

1546.71  cubic  yaols  rock  on  barge,  liired  labor 

Labor  and  subsistence,  M'eaving 

Labor  and  subsistence,  anchonige 

Labor  and  subsistence,  hydraulic  grading 

Labor  and  subsistence,  ballasting 

Labor,  fuel  and  subsistence,  towage 

Total  coat  940  feet  revetment » 


Cost 


$33.90 

664.38 

32.06 

279.11 

86.69 

15.46 

61.35 

927.74 

658.99 

150.81 

196.11 

269.99 

6UL84 


3,899.43 
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Miacellaneow  dmta  and  elemenU  of  ooet  eMhihit,  Nebraska  City,  1890, 

daMification  and  extent. 

Linear  feet  of  mattre«8 940 

Square  feet  of  mattresa 100,031 

Total  coat $3,899.43 

Coat  per  linear  foot $4.1481 

Coat  per  aouare  (100  square  feet) $3.8982 

Num  W  or  meals  iaaued  to  work 6, 660 

Subsistence  ooat $1,003.28 

Subsistence  cost  per  capita  per  diem,  labor $0. 1335 

Subaiatenoe  coat  per  capita  per  d  iem ,  stores $0. 3 184 

Care  and  repair  of  plant, — As  the  fleet  at  Nebraska  City  had  been  inrroased  by  sev- 
eral pieces  from  the  work  at  Rulo,  it  became  necesKary  to  provide  additional  storage 
ways  in  the  yard  on  the  ishuid.  This  work  was  finished  September  20,  and  the 
force  discharged^  except  tiie  watchman  in  care  of  the  plant.  One  thousand  eight 
hundred  linear  feet  of  ways  were  placed,  at  a  cost  of  $274. 

Assistant  Jos.  C.  Meredith,  who  is  in  local  charge  at  Nebraska  City,  having 
been  detailed  October  1,  1890,  in  charge  of  the  party  making  a  shore-line  survey  of 
St.  Joseph  Division  of  Missouri  River,  the  pulling  out  of  the  fleet  was  deferred  until 
the  following  month,  when  he  was  relieved  for  that  purpose. 

The  first  piece  was  gotten  out  November  14^  the  last  November  19;  in  all^  17  pieces 
were  pulled  out  of  the  river  and  placed  on  storage  ways. 

In  December  preliminary  estimates  of  the  cost  of  repairing  the  hulls  were  pre- 
pared and  permission  asked  to  remove  the  decayed  parts  before  submitting  final 
estimates.  Under  authority  of  your  letter,  dated  Jannarv  21,  1891,  this  work  was 
begun  January  26,  and  finished  March  11,  at  a  total  cost  of  $835.95. 

A  final  estimate  of  all  the  needed  repairs  was  submitted  March  4, 1891.  Authorit;^ 
covering  the  proposed  repairs  to  wooaen  hulls  was  given  in  your  letter  dated  April 
8,  1891,  and  tne  work  begun  at  once.  Owing  to  delays  in  the  receipt  of  lumber, 
progress  was  made  slowly.  By  June  30,  1891,  the  following  pieces  had  been  re- 
paired and  launched,  viz : 

Small  quarter  boats  belonging  to  Omaha  Division : 2 

Barges,  16  by  65  feet 4 

Barges,  25  by  100  feet 10 

Pile  sinker 1 

Of  the  pieces  left  in  the  yard,  2  barges,  25  by  100  have  been  finished  ready  for 
launching;  the  balance,  consisting  of  4  barges,  25  by  100  feet,  2  nnart4^r  boats,  1 
grader,  1  mattress  boat,  1  steamer,  Sabrinaf  have  all  had  some  work  done  on  them. 

Co9t  exhibit  of  repairs  to  huUsfar  the  fiscal  year  ending  June  SO,  1891,  at  Nebraska  City, 

Nebr, 


Labor,  class. 


Jldministration 
Care  of  pUmt.. 


Carpentering  .. 

Calkhif; 

Blacksmithing. 

LatKn" 

Teaming 


Launching  boats 

Total, all  classes. 


Material : 

Plant  material.  . 
Plant  purchased. 
Supplies 


Total  expenditures 


Work  done,  extent. 


OflBoe  and  clerical  work 

Watching  boats  and  other  property 


1 


Kepairs,  proper 


Lumber,  iron,  oakum,  etc 

Tools 

Oil,  paint,  and  tallow 


$715,064 
221.00 


2, 310. 95 
2, 576. 07| 

36.25 
514.771 

34.35 


2, 826. 11 

3.47 

64.50 


$936.98^ 


5,472.40 
367.824 


6,777.201 


2,894.08 


9,671.281 


It  is  estimated  that  this  work  can  be  finished  July  25,  1891,  at  a  cost  of  $2,000. 


IN  THE  VICINITY  OF  RULO,  NEBRASKA. 


Operations  on  this  reach  were  confined  to  the  completion  of  the  revetment  begun 
May;  1890.    (See  accompanying  map,  A  to  B.) 


3832     report  of  the  chief  of  engineers,  u.  s.  armt. 

Appendix  0. 

annual  report  of  mr.  chas.  f.  pottkr^  division  enqinekr,  1891. 

Missouri  Rivrr  Commission, 

Office  of  Division  Engineer, 

Omakay  Nebr,,  June  iSO,  1891. 

Colonel:  I  have  th«  honor  to  Hiihmit  the  following  report  upon  work  of  improv- 
ing tho  MiHSouri  River  in  the  vicinity  of  8ioux  City,  Iowa,  under  my  charge  during 
the  tiRcal  year  ending  June  :)0,  1891: 

The  higheHt  Htage  of  wattu*  in  the  river  at  this  place  since  the  dikes  were  con- 
structed in  1889  was  In  July,  1890,  the  gauge  then  reading  674'.45,  or  ahout  6'. 7 
ahovc  standard  low  wut-er. 

T)i«  sand  deposit  in  the  vicinity  of  the  middle  and  outer  ends  of  the  dikes,  most 
of  which  was  formed  during  the  rise  ahove  mentioned,  reached  in  many  places  within 
1  foot  of  the  cre«t  of  th«  rise. 

The  surface  of  the  liar  then  formed  was,  however,  very  irregular;  and  there  has 
since  been  a  depression  near  the  old  Iowa  bank,  caused  by  a  draw,  starting  in 
betw^een  Dikes  Nos.  1  and  2  and  running  close  to  the  high  bank  through  the  dikea 
kelow. 

In  anticipation  of  the  coming  June  rise  of  1891,  which  was  thought  from  all  reports 
would  be  t>f  greater  magnitude  than  any  of  the  periodical  rises  of  the  past  few 
years,  it  was  thought  best  to  strengthen  the  dikes  with  longitudinal  braces  and  to 
place  suflicieut  obstructions  at  the  north  ends  of  the  dikes  in  the  path  of  the  draw 
to  check  the  flow  of  the  wat^^r  and  thereby  cause  the  desired  sand  deposit. 

A  project  for  additional  construction  to  the  dikes,  involving  the  above  ideas,  was 
submitted  on  May  18,  and  was  approved  two  days  later.  * 

Work  was  commenced  May  25,  and  the  methods  of  construction  then  adopt-ed  and 
afterward  carried  out  will  be  described  under  the  heads  of  waling  and  curtains,  as 
foHows: 

Waling, — ^Tlie  longitudinal  braces,  or  waling,  consisted  of  6  inches  by  8  inches  by 
20  feet  pine  timbers,  drift-bolted  to  the  upper  side  of  the  upstream  line  of  piling 
in  the  dikes. 

On  the  north  150  feet  of  the  dikes  two  parallel  lines  of  waling  42  inches  apart 
between  cent'Crs  were  placed;  the  upper  edge  of  the  top  waling  being  1  foot  below 
the  standard  high-water  line. 

On  the  remaining  portions  of  the  dikes  a  single  line  of  waling  was  nsed  oxiiy,  it 
being  an  ext.ension  of  the  top  wfding,  running  with  a  deflection  corresponding  with 
the  slope  of  the  top  line  of  the  piles,  thus  leaving  the  top  of  the  waling  at  the  outer 
end  of  the  dikes  2  feet  below  standard  high  water/ 

Two  drift  bolts  were  used  at  each  intersection  of  the  waling  with  the  piles,  and 
were  made  of  f-inch  square  iron,  cut  in  lengths  of  14  inches. 

Curtains, — The  curtains  were  constructed  on  the  north  ends  of  the  dikes,  extend- 
ing across  the  draw  and  covering  the  same  distance  along  the  dikes  as  the  double 
waling. 

They  consisted  of  selected  willow  brush  of  not  less  than  2^  inches  in  diameter  at 
the  butt  end  and  20  feet  in  length,  placed  in  a  vertical  position,  6  inches  apart,  on 
the  upper  side  of  the  dikes. 

The  butt  ends  were  run  down  through  the  mud  a  distance  of  7  feet,  except  where 
they  came  in  contact  with  a  hard  bottom  of  sand  or  the  foot  mat  through  which 
the  piles  were  driven  2  years  ago. 

The  brush  was  fastened  to  each  waling  by  staples  made  from  -j^^^^  round 
iron. 

It  was  originally  intended  to  place  two  longitudinal  f-inch  cables  parallel  to  and 
helow  the  waling  and  to  fasten  them  to  the  piling  by  heavy  staples,  and  after- 
wards to  wire  the  brush  to  the  cables  at  each  intersection,  but  before  this  Cbnld  be 
accomplished  a  rise  of  the  river  to  within  1  foot  of  the  lower  waling  interfere;!. 

As  a  suhstitute  for  the  proposed  cables,  three  willows  were  lashed  together, 
weighted  with  rock,  and  sunk  in  a  horizontal  position  between  the  piling  and  the 
vertical  willow  brush  to  about  midway  between  the  lower  waling  and  the  mud,  and 
then  suspended  by  wires  attached  to  the  waling,  thereby  giving  a  lateral  support 
to  the  vertical  willows  of  the  curtain. 

All  work  at  Sioux  City  was  completed  on  June  13  and  the  force  discharged. 

r 

ILLUSTRATIONS. 

The  map,  sketch,  and  photographs  accompanying  this  report  are  described  as 
follows: 

First.  Map  of  the  Missouri  River  in  the  vicinity  of  Sioux  City,  Iowa,  surveyed  in 
October,  showing  the  location  of  the  dikes;  stage  of  water  667' .00, 
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Bill  of  cost,  4f92iSfeet  of  revetment  at  Rulo,  Nebr,,  1890. 


Clarification  and  extent. 


Cost. 


1,073.5  cords  of  brash,  stumpage,  atSoenU 

100  cords  of  bmsh,  stumpage,  at  10  cents 

1,124.3  cords  of  brush,  stnropage,  free 

3,297.8  cords  of  brash  on  bargo * 

3,600  pounds  binding  wire,  at  4}  cents 

11,526  p^nds  wire  strand,  §  inon,  at  5  cents ^ $578. 30 

12,267  pounds  wire  strand,  §  inch,  at  4.»5  cents 607. 22 


42,075  pounds  cable,  1^  inch,  at  ]|  cents 

100  clips,  at  20  cents 

10,023.40  cubic  j'ards  rock,  via : 
Quarry  privilege 


Qnarnr  supplies,  powder,  fuse,  and  coal 


cubic  yards  rocls,  procured  by  hirwl  labor 

8J862.99  cubic  yards  rock,  purchaser!  on  bar^j^c,  at  $l.o7^. 

9,191  cubic  yards  ruck  procured  by  forfeit 

Labor  and  subsistence: 

.Ballasting 

Weaving 

Anchorage 

Labor,  fhel,  and  subsistence: 

Hydraalic  grad  ing 

Towage 


$85.78 
10.00 


2,711.50 
17L00 


1,183.52 

478.34 

20.00 

50.00 

108.54 

2,996.82 

5,311.61 


1,626.04 

3,622.99 

732.95 

595.54 
1,422.16 


21,12L78 


Miecellaneous  data  and  elements  of  coat  eshibity  Rulo,  1800, 

Linear  feet  of  niattress 4.922 

Square  feet  of  mattress 538.861 

Total  cost $2],  121.78 

(Tost  per  linear  foot $4. 2987 

Cost  per  square  (lOOsnuare  feet) $3.9248 

Meals  issued  to  work  (number) 17,810 

Subsistence  cost $2,517.70 

Subsistence  cost  per  capita  per  diem,  labor $0. 1292 

Subsistence  oost  per  capita  per  diem,  stores $0. 2940 

Since  the  completion  of  the  revetment  there  has  hecn  but  little  change  in  the  con- 
ditions of  flow  on  the  reach.  The  accompanying  mn])  nhown  tlie  change  in  the  shore 
line  of  the  bend  below  the  work. 

Under  date  of  September  26.  1890,  I  submitted  a  reviHcd  project  with  estimates  of 
cost  for  the  improvement  of  the  reach. 


IN  THE  VICINITY  OF  ST.   JOSKPH,  MISSOURI. 

The  operations  on  this  reach  consisted  of  repairs  to  plant,  construction  of  pile 
dikes  and  revetment,  and  miscellaneous  work  yicident  thereto. 

Repairs  to  plant. — ^The  rebuilding  of  hydraulic  graders  Nos.  1  and  2  for  use  on  the 
Omaaa  Division,  which  was  begun  last  year  was  finished,  with  the  exception  of 
some  of  the  steam  fitting,  July  23,  1890.  The  hull  of  grader  No.  7  was  also  repaired. 
The  force  was  then  reduced  to  two  watchmen  in  care  c»f  the  property. 

September  29,  1890,  work  was  begun  getting  ready  a  fleet  for  use  in  pile  dike 
ooDBtmction.  The  United  States  steamer  Thetis  was  thoroughly  overhauled  and 
launched.  One  barge,  16  by  65  feet,  and  pile  sinker  No.  13  were  also  repaired  and 
launched.  In  the  latter  part  of  February,  1891,  some  minor  repairs  were  made  to 
the  steamer  Tketia  and  pile  sinker  No.  13  before  putting  them  in  service. 

April  23, 1891,  the  repairs  of  the  halls  on  the  ways  in  the  St.  Joseph  boat  yard  was 
began;  by  Jane  18  it  was  finished,  and  all  of  the  pieces,  consisting  of  two  hydraulic 
graders  and  three  barges.  25  by  100  feet,  were  in  the  water.  The  total  cost  of  the 
repairs  to  plant  during  tne  year  was  $3,439.50. 

In  a  letter  dated  3my  31, 1890, 1  called  your  attention  to  the  conditions  of  flow 
that  obtained  at  the  time  in  the  reach  above  the  head  of  Bon  Ton  Bend,  reviewed 
the  history  of  the  changes  of  regimen  in  the  reach  from  1884,  of  my  recommendations 
£rom  time  to  time  concerning  its  improvement;  and,  finally,  submitted  a  project 
with  estimates  of  cost  for  its  improvement  at  that  time. 

As  was  expected,  the  flow  from  the  Kansas  Chute,  coming  as  it  did  in  a  direction 
almost  Qomal  to  the  trend  of  the  shore  line  at  the  head  of  3on  Ton  Bend,  soon 
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proved  too  mach  for  the  revetment,  and  a  slip  in  the  mat  occurred  September  10, 
and  was  made  the  subject  of  &  special  report. 

A  project  for  the  improvement  of  those  ccftiditions.  prepared  in  accordance  i^tli 
your  instructions,  was  submitted  under  date  of  September  29.  It  contemplated  the 
development  of  a  new  channel,  as  shown  on  the  accompanying  map  by  the  dotted 
lines,  from  point  B  on  the  right  bank  through  the  island  bar  to  the  left  bank  above 
the  head  of  Bon  Ton  revetment,  and  the  construction  of  new  revetment  in  Bon  Ton 
Bend  where  it  was  exposed  to  the  flow  from  the  Kansas  Chute. 

The  proposed  rectification  was  to  be*  accomplished  by  means  of  permeable  pile 
dikes,  constructed  under  speoilications  similar  to  those  under  which  the  Atchison 
dikes  were  made,  and  located  as  shown  on  the  map,  B  to  C.  For  immediate  relief 
and  for  the  protection  of  Gladden  Point  pending  the  rectification,  the  dikes  D  to  £ 
were  to  be  constructed.  A  revetment  from  A  to  B  was  also  provided  for  in  the  esti- 
mates. This  was  to  be  constructed  onl^  in  case  it  became  necessary  for  tke  protec- 
tion of  the  upper  system  of  dikes.  This  Project  was  ap|)roved,  and,  in  accordance 
with  your  verbal  instructions  of  October?,  1890,  preparations  were  at  once  begun  for 
the  construction  of  the  proposed  dikes  D,  E,  in  the  lower  system,  and  repairs  to  the 
Bou  Ton  revetment. 

One  small  barge  (16  by  65  feet)  and  a  mattress  boat  were  rafted  down  from  Ne- 
braska City.  The  balance  of  the  fleet,  consisting  of  the  steamer  TheiiSj  pile  sinker 
No.  13,  and  three  small  barges,  were  supplied  from  the  yards  at  this  i>oiut.  One  of 
the  small  barges  was  provi<&d  with  ways  for  use  in  constructing  foot  mattress  for 
the  dikes.  As  the  only  quarter  boats  on  the  division  were  on  the  ways  at  Nebraska 
City  and  unserviceable,  temporary  quarters  were  erected  on  the  bank  convenient  to 
the  work  and  equipped. 

Pile  dikes  D  to  E  (lower  Bgstem), — ^The  piles,  wales,  braces,  bolts;  and  strand  for 
the  dikes  were  purchased  in  open  market.  The  brush  and  rook  used  were  procured 
by  hired  labor.  Brush  cutting  was  begun  October  16, 1890.  A  quarry  was  oj^ened 
October  15, 1890. 

IMle  sinking  was  begun  October  21,  and  was  continued  with  but  little  interrup- 
tion uutil  December  3.  when,  on  account  of  running  ice,  work  had  to  be  suspended. 
Up  to  that  date  275  piles  had  been  sunk,  with  an  average  penetration  of  16.5  feet  per 
pile ;  of  those  piles.  248  were  in  the  dike  and  27  for  anchorage.  The  placing  of  wales 
and  braces  anci  maKing  shore  connections  were  finished  December  13,  1890. 

When  the  ice  began  running  some  of  the  foot  mattress  had  not  been  sunk,  and 
rock  could  not  be  gotten  to  it.  An  effort  was  made  to  sink  it  with  bags  of  sand,  but 
was  only  partially  successful,  as  the  ice  formed  about  the  piles  very  rapidly,  and 
soon  blocked  to  the  bottom.  December  19  the  ice  moved  out  and  the  steamer  Tkeiit 
was  put  in  service,  with  two  small  barges,  towing  rock  for  use  in  sinking  the  foot 
mat.  By  December  24  it  was  all  down  in  good  shape,  and  the  steamer  laid  up  again. 
The  total  length  of  dike  completed  was  1,353  feet. 

Work  was  resumed  on  Dike  No.  3  of  the  lower  system  March  27,  1891.  All  of  the 
piles  (23  in  dike  and  3  for  anchorage)  necessary  for  the  extension  of  the  dike  to  its 
projected  length  had  been  sunk  and  the  fleet  removed  to  the  upper  system,  when  a 
sudden  rise  of  the  river  produced  a  scour  of  about  9  feet  along  the  new  work  before 
the  foot  mattress  was  sunk ;  the  anchorage  gitve  way  first,  throwing  the  weight  of 
the  foot  mat  against  the  piles  in  the  dike;  their  penetration  having  been  reduced  by 
scour  to  about  6  feet,  the  weiglit  proved  too  great  for  that  portion  of  the  dike,  and 
resulted  in  overturning  all  but  lour  bents  next  the  old  work. 

Cost  exhibit  in  detail  of  1,4S5  linear  feet  of  pile  dike,  8t,  Joseph,  Mo.,  1890  and  JS9I, 

lower  system. 


ClanHifimtioii  and  extent. 


1,604  linear  feet  or  foot  mat.  viz: 

Labor,  weaving 

Siibflintence 

Mat'erial : 

441  corda  of  briinh 

25  conla  of  briinh 

Barfi^ng  466  e-ordn  of  brush 

1,000  pounds  §-inrb  strand — fVetv.. 

526  pounds  strand 

Moving  1,600  pounds  g-incli  strand 


Cost  per 
unit. 


$0.2055 
.0707 

1.2095 


0495 


.0049 
.0575 


Cost  Pttch 
iteni. 


$474.02 
113.50 

533.30 


23.07 


27.54 
9.20 

1,180.73 


Cost  per 

linear 

foot. 


$0.7051 


Cost  of 
1,485  linear 

f«*ttt  of 

dike. 


$1. 18017* 
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Cost  exhibit  in  detail  of  1,485  linear  feet  of  pile  dike,  etc, — Coiitiuucd. 


OlaDBiflcation  and  extent. 


Pile  work  in  dik«vi : 

Material,  cotton  wood  piles,  rix: 

10«  piles,  at  $1.35  $143.10 

165  pilea,  at  $1. 22^ 202.12 

Lanor,  preparing  pilea 77. 15 

Snbaistence,  preparing  piles 10. 50 


Cost  of  piles  ready  for  sinking. 

Labor,  sinking  271  piles 

Subsistence,  sinking  271  piles. . 

Fuel,  sinking  271  piles 

Supplies,  sinking  271  piles  — 


Cost  of  271  piles  in  place. 


Anchorage, 
Material : 

4 piles, at $1.35  $5.40 

26pilj>s,at$1.22* 31.85 

414  pounds  g-incn  strand  at  4.0  cents 20. 29 


Material,  oost  for  1,485  linear  fpfit 

Labor,  sinking  anchorage,  1,485  linear  feet 

Fuel,  sinking  anchorage,  1,485  linear  feet 

foibsistence,  sinking  anchorage,  1,485  linear  feet. 


Total  anehorage  oost 


Waline  and  bracing: 

Laoor,  placing  wales  and  braces 

Subsistence 

Material,  2,524  feet,  B.  M.,  oak  lumber: 

Transportation 

30,426  feet,  B.  M.,  yellow  pine  lumber  per  M. 

480bolta 

820  bolts  per  pound 

Washers  and  nails 

Ijabor,  handling  materials 

Subsistence,  handling  materials ■ 


Co8t  i>er 
unit. 


$1.5973 

1.4783 

.2400 

.  3271 

.0400 


Cost  each 
item. 


$132. 87 

400.62 

65.00 

88.65 

10.78 


3.6827 


007.92 


Cost  per 

linear 

foot. 


.0388 
.0535 
.0065 
.0044 


.2023 
.0408 

.0101 
15.9000 


Ballasting  foot  mat,  vis : 

Labor  

Subsistence 

Material,  131  cubic  yards  old  rock : 

Barging  131  cubic  yanls  old  nx^k 

Towage  rock : 

Labor $126.16 

Fuel : 26.27 

Supplies 3. 00 

Subsistence 20.66 


Material,  226  cubic  yards  rock  on  bank 

Towage  rock : 

Labor $237.79 

Fuel 49.60 

Supplies 4.50 

SubsisU'nce 32. 20 


Material,  sacks  and  twine 


Curtain  (574  linear  fv€>t) : 

Labor,  weaving 

Subsistence,  weaving 

Material,  402  poles : 

Stumpago $1, 50 

Cutting 16.43 

Handling 14.57 


Material,  34  cords  brush 


Total 


.0673 
.0124 
.0300 
.0060 


57.54 

79.49 

9.70 

6.50 


15:j.23 


300.42 
60.50 

25.76 
460.22 


91.12 

18.49 

44.10 

9.50 


1, 010. 11 


.1272 
.0009 

.2893 


1.3436 
.6405 

L4340 
.685 


.  1591 
.0091 


.0066 
1.2095 


2tH.15 
11.00 

37.90 


176.09 
144.75 

324.00 
34.54 


932. 52 


91.35 
24.00 


32.60 
41.12 


188.07 


$0.6720 


.1032 


Cost  of 

1,485  linear 

feet  of 

dike. 


$097.02 


153.23 


.6802 


.6280 


.1273 


1,010.11 


032.52 


188.07 


8.0058 


4.463.47 
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Bill  o/coit,  1,486  feet  of  pile  dike,  St.  Joaeph,  Mo,,  1890  and  1891,  lower  egstem. 


Classiflcation  and  extent. 


500  cords  of  brash  on  barge 

2,576  pouuds  of  |-inoh  strand 

801  Cottonwood  piles 

2,524  feet  oak  Itunber  (transportation  only) 

30,426  feet  yellow-pine  lumber 

1,300  bolts 

604  saoks  and  3  pounds  twine 

492  poles 

867  cubic  vards  rook  on  barge 

Supplies  (nails  and  washers) 

Labor  ana  subsbtence,  weaving  ^oot  mat 

Labor,  subsistence,  fuel,  and  supplietf,  pile  dike 

Labor,  subsistence,  and  fuel,  anchorage 

Labor  and  subsistence: 

Waling  and  bracing 

Ballasting 

Making  curtains 

Labor,  subsistence,  f^el,  and  supplies,  towage.. 

Total 


Cock 


1597.56 
57.03 

382.47 
2S.76 

460.23 
91.12 

32.50 
183.65 

18.49 
587.53 
653.70 

95.69 

414.53 
215. 15 
115.35 
500.18 


4.463.47 


Miscellaneous  data  and  elements  of  cost  exhibit,  1,485  feet  pil^  dike. 

Classification  and  extent : 

Linear  feet  of  foot  mat 1,604 

Linear  feet  of  pile  dike 1,485 

Total  cost $4,463.47 

Cost  per  linear  feet 3.0056 

Subsistence,  cost  per  capita  por  diem : 

Labor 0.1006 

Stores 0.3885 

Cost  exhibit  in  detail  of  brash  and  rock  procured;  season,  fall  1890. 


Classification  and  extent. 


Procuring  1,123  cords  brush: 
Stumpage : 

299  cords 

824  conls 

Survey  to  decide  ownership  of  bruHh : 

Cutting 

Binding 

Loading  wagons 

Hauling 

Unloading  wagons 

Subsistence 


Cost  at  bank . 


Procuring  328  cords  bnmh : 

Stumpage 

Making  road 

Cutting 

Binding: 

Labor $61.90 

Material • 2.38 

Loading  wagons 

Hauling 

Unload&i 


ig  wagons. 
Cost  at  bank. 


Procuring  4,012  cubic  yards  rock : 
Stripping 


Quarrying 

Loading  wagons 

Hauling 

Supplies , 

SuDsistence , 


Cost  at  bank. 


Cost  per 
unit. 


$0.1000 

0.0383 
0.8134 

o.irjo 

0.0331 
0.4389 
0.0522 
0. 1010 


Cost  each 
item. 


0.1500 
0.0128 
0.3986 

0.1683 

0.0656 
0.6619 
0.0668 


0.1160 
0.2416 
0.0504 
0. 1810 
0.0307 
0.0208 


$82.40 

97.50 

85L93 
194.25 

87.20 
492.96 

58.60 
118.60 


57.30 

4.70 

152.28 

64.28 

25.06 

214.65 

25.90 


466.26 
969.15 
202.20 
726.10 
123.24 
83  60 


Coat  per 

cord  and 

oubio 

yard. 


Total  coat 
eaohdiasa. 


$1.2096 


L4S99 


a6406 


^F* 


$1,858.88 


543.56 


3,669.44 
J 
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Cost  exhibit  in  detuil 'procuring  78S  cords  of  brushy  1801,  St,  Joseph,  Mo, 


Claflsiflcatiou  and  extent. 


StumpftgA 

Cutting 

Binding: 

Lal>or $1 00. 20 

Material 24. 25 

Loading  wagons 

Haaling 

Unloading  wa<;oiiH 

Snbaistence 


Co.st  i»er 
iiuit. 

Cost 
each  item. 

Cost  iwnr 
cord. 

Cost  of 

782  cords 

brnsli. 

$0.1000 

$78.20 
204.67 

130.  45 

21.6:{ 
282. 17 

.10.60 
145.58 

0.2617 

0.1668 
0.0276 

0.3608 

0.0391 

a  1862 

1 

$1.  1422 

893.  :m) 

$803. 30 

Pile  dikes  Bj  C,  upper  system, — The  materials  for  tiiese  dikes  were  accumiilat'ed  dur- 
ing the  winter. 

The  piles,  wale«  and  braces,  bolts,  and  three-eighth-iuch  wire  strand,  were  pur- 
chased in  open  market.  The  piles  were  Cottonwood,  of  minimum  diameters  at  top 
and  butt,  of  9  and  14  inches  respectively.  Tlio  wales  and  braces  were  of  long  leaf 
yellow  pine,  and  all  4  by  8-inch  stuff,  except  the  direct  horizontal  braces,  which 
were  4  by  6  inches.  Machine  bolts  were  used  with  cast  washers  at  both  ends,  and 
were  three-fourths  inch  and  seven-eighths  inch  in  diameter;  the  former  bei^g  used, 
only  in  the  4  by  6  inch  stuff.  The  arrangement  of  piles,  wales,  and  braces  was  the 
same  as  that  used  on  the  Atchison  dikes.  The  foot  mattress  was  woven  of  a  uniform 
width  of  40  feet,  and  so  placed  that  28^  feet  of  its  width  was  on  the  upstream  side 
of  the  center  line  of  the  aikes. 

In  the  latter  part  of  March  the  boarding  shanty  was  moved  to  Grey  back  Island, 
at  the  head  of  the  dikes,  and  pile  sinking  begun  April  3.  Work  was  suspended 
May  26,  to  allow  time  for  the  development  of  a  new  channel.  At  that  time  1,458 
linear  feet  of  dike  had  been  completed ;  but  dike  4  started  at  a  shore  bar  352  feet 
from  the  main  bank,  with  only  the  foot  mattress  made.  On  Juno  8,  when  this  bar 
was  covered  with  water  to  a  sufficient  depth  to  float  the  sinker,  work  was  resumed, 
and  by  June  18  the  dike  was  connected  ^ith  the  main  bank,  making  a  total  length  of 
dike  in  the  upper  system  of  1,810  feet.  The  accompanying  map  shows  the  progress 
of  the  work.  Dikes  3  and  4  will  be  extended  to  their  projected  lengths  as  soon  as 
expedient. 

Cost  exhibit  in  detail  of  1,810  linear  feet  of  pile  dike,  St,  Joseph,  Mo,  1891,  upper  «y«- 

tem. 


Classification  and  extent. 


Foot  mattress,  1,956  linear  feet: 

Labor,  weaving 

Sabsistence,  weaving 

HaterUI: 

51  oonls  bmsh 

Ml  cords  brash.. 

Labor,  barging 

Towafl»: 

I.abor $81.80 

Fuel 25. 9J 

Sabsintence 34. 72 

Supplies w 2. 00 

Material,  2.572  poiiads.  i-inch  nlrand 

Pilo  workindikea; 

417  Dilea  on  bank,  at  $3.30* $1, 378. 18 

Bafung  and  inspection 152. 19 

Towa^: 

Labor 308. 70 

Fuel 96.00 

Siibaistenrw .SO.  92 

Buppliea 5.00 

Coat  of  417  piles  deli  vered  at  work  ...    1, 990  J)9 

^oa» per  pnp.»»*cv%»»*** •*«■««•*•••••.  4.  #/♦♦ 

w—  ^ 


Cost  JKT    CoHt  each 


unit. 


10.2644 
.1554 

1.4229 

1. 1422 

.1383 


.2087 
.0415 


item. 


r^t      I     Cost  of 

pcrlTnear'-^'^VT'* 
foot  fpetof 

'""*•  dike. 


$1.0900 


$1,972.77 


t. 
•1 
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Co8i  ejrhibil  in  detail  of  1,810  linear  feet  of  pile  dike,  «lc.>-Continaed. 


ClAAHification  iind  extent. 


Muterial: 

:r28  coMonwood  pileii,  at  U  7744 $1,  fiOO.  00 

I^abor  nreparin^  sam» 120. 02 

('ost  or  U28  pilrN  prepared  for  Minker 

Lalior,  Mnkiiij^ 

8ubitint4'iirc,  ninkiiig 

Fuel,  nliik  ine 

Hiipplii'Ji,  aiuking 


Coat  per 
iiuit. 


$5. 1403 

1.5774 

.7670 

.2904 

.0.W8 


Anchorage : 

Material,  00  cotton woo<1  piles 

lialtor,  Hinkiiig 

Fuel.  Hinkiiig 

SubHiRt4>iioe.  Hinking 

Material,  3,144  pouuds  j  inch  strand 


4.7744 
.0087 
.0174 
.(078 
.0415 


Cost  each 
item. 


WalUng  and  bracing : 

Lalmr,  placinff 

HuhAiHtenoe  luacing 

Material : 

832  feet  oak  lumber 

41,710  feet  yellow  pine  lumber 

1,610  bolta 

207  poundn  washers 

Labor,  handling  material 

Towage: 

Labor $60.50 

Fuel 21.12 

Bnbsiatence 4. 12 

SuppUes 2.00 


Ballasting: 

LalM>r,  placing 

Subsistence,  placing r 

Material : 

422  onbic  yards  rock 

145  sacks 

Labor,  barging  roc  k 

Towage: 

l4«bor $180.93 

Fuel 57.  m) 

Subsistence 68.67 

Supplies 2.U0 


Curtain  (1,712  linear  feet). 

Labor,  cutting  4,837  polra 21.05 

Subsistence,  outting  4,827  poles lU.  67 

Haaliqg,  cutting  4,827  poles 45.  28 


Cost  of  outting  4,827  pole* 77. 02 

Cost  per  pole 0161 

Labor,  making 

Subsistence,  making 

Material,  8,752  poles 


Grand  total. 


1634 
0776 


,0185 
,0918 
,0350 
,0637 


.0518 


.2222 
.2100 

.(U05 

.0825 
.1034 


.7548 


.1008 
.0447 
.0161 


$1,686.02 

617.40 

251.54 

97.22 

18.  iM) 


2,571.08 


286.46 

178.07 

31.48 

65.84 

130.48 


002.03 


306.80 
140.50 


771.64 

147.80 

7.34 

118.90 


83.80 


1,575.68 


08.78 
88.00 

'^0.20 
11.06 
8L00 


318.20 


864.43 


187.04 
76.54 
00.  SO 


825.04 


Cost 

per  linear 

foot^ 


IL4206 


.4n5 


.1796 


4.4209 


CoKt  of 

1,810  linear 

feet  of 

dike. 


|2,57L08 


f«87S.68 


804.43 


825.04 


a  001.93 


I 

J 
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Bill  of  cost  0/1,810  linear  feet  of  pile  dike,  St.  Jo%eph,  Mo,,  1S91. 


Classiflcation  and  extent. 


692  cords  of  bmab  on  barge 

5,816  pounds  f-inob  galvanized  wire  strand 

388  Cottonwood  piles  prepared  for  sinker 

422  cubic  ywds  rock  on  barge 

145  sacks 

832  feet  oak  Inmber! . ".  *  *  * . " ! '.  * '  *  *. . '. '. '. '. ". '. '. '.  * . . '. . . " ! . . 

41,710  feet  yellow  pine  Inmber 

1,610  bolts 

207  pounds  wasbers 

3,752  poles 

IJabor  and  subsistence,  weaving  foot  mat 

Labor,  subsistence,  fiid,  and  supplies,  sinking  dike. 

liftbor,  subsistence,  and  fuel,  sinking  anchorage 

Labor  and  subsistence: 

Placing  wales  and  braces 

BaUafl^g-.-r. 

Making  curtains 

Labor,  suMistenoe,  fuel  and  supplies,  towage 


Total, 


Cost. 


$900.42 

237.22. 

1,972.48 

351.89 

11.96 


771.64 
147:80 
7.24 
60.56 
821.17 
885.06 
275.99 

655.20 
182.38 
264.48 
556.44 


8,001.98 


,  Miscellaneous  data  and  elements  of  cost  exhibit,  1,810  feet  of  dike. 

Classification  and  ext«nt: 

Linear  feet  of  foot  mat 1,966 

Linear  feet  of  pile  dike 1,810 

Total  cost $8,001.93 

Cost  per  linear  foot $4.4200 

Subsistence  cost  per  capita  per  dioni : 

Labor $0.0798 

Stores $0.3060 

Revetment  repairs. — Bank  grading  for  thin  work  began  at  the  St.  Joseph  Water 
Company's  suction  pipe  October  30  and  was  finished  November  13.  One  thousand 
five  hundred  and  fifteen  linear  feet  of  bank  were  graded.  In  this  were  contained 
3.510  cubic  yards  of  earth,  brush,  and  rock.  The  weaving  of  mattress  was  begun  at 
tne  same  point  November  13.  One  thousand  two  hundred  and  forty  linear  feet,  or 
140,214  square  feet,  had  been  woven  by  December  3  (see  map,  X  to  Y),  when  work  was 
suspended  on  account  of  running  ice. 

Three  hundred  and  two  cubic  yards  of  rock  were  used  in  sinking  the  mattress  at 
that  time,  the  balance  being  left  until  early  spring.  In  March,  1891,  the  full  quan- 
tity of  ballast  was  distributed  on  the  work. 

Cost  eaohihit  in  detail  of  1,240  linear  feet  of  revetment,  fall  of  1890. 


Classification  and  extent. 


Hydraulic  grading,  3,510  cubic  yanls,  viz: 
Labor 


Supplies 

Snosisteuoe. 
Fyel 


Weaving  1,240  linear  feet  of  mattress: 

Labor 

Subsistence 

Matifrial : 

322  conis  brush  at  work 

648  cords  brush  on  bank 

Moving  648  cords  brush  to  work,  vis : 

Loailing  and  unloatliug  Iwrgos — 

Subsistence 

Towagre: 

Labor 

Supplies 

Subsistence 


Cost  per 
unit. 

Cost  each 
item. 

Cost  per 

linear 

foot  re- 

vetmonL 

$0.0476 
.0042 
.0000 
.0174 

$167.02 
14.62 
21.00 
61.30 

$0. 1348 
.0117 
.0160 
.0494 

.0752 

263.94 

.2128 

.7370 

913. 73 
167.00 

458.17 
783.76 

190.20 
92.00 

224.62 

5.00 

40.41 

36.14 

.1347 
1.4229 

.8717 

1.2095 

■.2»:J5 

.1420 

-  .4100 

.0077 

.0630 

.0558 

.14762 

2,911.43 

.23479 

Cost  of 

1,240  feet 

revetment. 


$263.94 


2,911.43 
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Cost  exhibit  in  detail  of  J,  £40  linear  feet  of  ref>etment,  fall  of  1890-  -r  n  tinned. 


Clnnsificiition  ami  extent. 


Anchoring  1,240  feet  revetment,  vis: 

LalMir 

Snb8iatr!nce 

Material : 

Strand,  |-inc1i,  8,900  jtoiimUi.. 

Cable,  U  inch,  4,622  feet 

Clips,  No.  60 


Ballasting  1,240  linear  feet  revetment: 
Labor,  placing  2,340  cubic  yanlH  rock. 

Subsistence 

Material,  2,346  cubic  yards  roi;k 


Grand  total 


Cost  per 
CoHt  per  \  Cost  each  '    lineiar 
unit.     '      item.      j  foot  re- 
vetment. 


10.1682 
.0375 

.0400 
.0240 
.2571 


.1864 
.0336 
.6406 


.8712 


$208.52  ' 

46.50   $0.2057 


436.10 

110.03 

15.17 


817.22 


437.81 

79.00 

15,502.61 


2,018.92 


.3517 
.0894 
.0122 


.6500 


.4164 
1.2117 


1.6281 


4.8478 


Cost  of 

1,240  feet 

revetment 


$817.22 


2, 01ft  92 


6,011.51 


Bill  of  costy  lyS40  linear  feet  of  revetment,  St,  Joseph,  Mo.,  1890. 


Clafwification  and  extent. 


Cost 


970  cords  of  brush  on  barge  at  work  . 

8,900  pounds  |-inch  strand 

4,022  feet  IJ-inch  cable  (sot'ondhand) 
50  clips 


$1,524.13 

41)6.10 

110.93 

15.17 

1.502.61 

20:1.91 

1,080.73 
255.02 
516.31 
:«J6.57 

Total '    6.011.51 


2,^6  cnbic  yards  of  rock 

Labor,  subsistence,  fnel  and  HUpplics,  hydraulic  gradiuj; 
Labor  and  subsistence: 

Weaving  matl  rvnn 

Anchorage 

Ballasting 

Labor,  fuel,  subsisti  nee  and  supplies,  towage 


Miscellaneous  data  and  elements  of  vost  exhibit,  1,^0  feet  revetment. 


Classification  and  ext<>ut : 

Linear  feet  of  mattrcsn 1, 240 

Square  feet  of  mattress 140. 214 

Total  cost $6,011.51 

Cost  per  linear  foot $4.  a478 

Cost  per  square  (100  square  feet ) $4. 2873 

Subsistence  cost  per  capita  per  diem : 

Labor $0.1098 

Stores -^ $0.3885 

Belmont  Bend  revetment. — An  item  for  the  prott'i-tiou  of  Holmout  B<*u«l  han  ahva.vB 
ha*!  place  in  the  project  lor  tlio  imnrovenicnt  of  the  St.  Joseph  Reach.  At  a  ineetinj< 
held  in  St.  LouIh  March  2H,  1891.  the  ConnnisKiou  allotted  the  sum  of  $101,000  f«the 
continuation  anrf  completion  of  the  revetment  in  Belmont  Bend,  and,  in  accordance 
with  your  verbal  instructions  of  that  date,  1  prepared  and  submitted,  under  date  of 
April  6,  a  project  for  the  expenditure  of  the  aUotment.  This  project,  which  was 
approved,  contemplates  the  conntruction,  duriuj;  the  current  season,  of  13,000  linear 
feet  of  standard  revetment  in  Belmont  Bend,  beginning  at  a  point  shown  on  the 
accompanying  map  at  F. 

As  the  only  plant  on  the  division  not  in  use  was  at  Nebraska  City,  in  an  liiiservice- 
able  condition,  the  work  in  Belmont  Bend  was  late  getting  stai*ted. 

A  quarry  was  opened  in  the  bluffs  at  the  head  of  the  bend  May  19,  1891.  A  BmnM 
force  began  cutting  brush  May  26.  Bank  grading  was  begun  May  30,  with  hydraulic 
grader  ?5o.  2. 

Onarters  for  the  mattress  party  were  erected  on  one  of  the  100  by  25  feet  barges, 
:uia  as  soon  as  it  was  finished,  June  9,  a  force  was  organized,  and  weaving  mattress 
began  the  day  following.    Owing  to  the  delay  in  getting  the  mattress  party  started. 


i  I 


,»':  -av« 


En(9l 
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the  bank  grading  got  so  far  ahead  that  it  became  necessary  to  suspend  grading  June 
9.  Subsequently  this  work  was  resumed  for  a  few  days,  and  some  regra^ttng  done. 
It  was  finally  suspended  June  20.  The  tot^  length  of  oiuik  graded  was  1,285  feet; 
the  number  of  cubic  yards  of  earth  removed  was  16,919. 

June  20  the  stage  of  Avater  wns  so  high  (9.68  feet  above  standard  low  water)  that 
weaving  was  suspended  also.  Up  to  that  time  746  linear  feet,  or  89,834  square  feet, 
of  mattress  had  been  woven. 

The  head  of  the  old  revetment  in  Elmwood  Bend  is  exposed  and  liable  to  consider- 
able loss  from  a  flanking  movement  of  the  'shore  line,  due  to  erosion;  the  actual 
length  of  revetment  that  it  will  be  necessary  to  construct  in  order  to  lap  it  is. 
therefore,  indefinite;  and  the  funds  allotted  for  the  work  are  no  more  thau  will 
probably  be  needed  to  cover  the  distance  as  it  was  at  the  time  the  project  was  sub- 
mitted. The  bank  is  caving  very  rapidly  in  the  lower  portion  of  Belmont  Bend  and 
it  is  proposed  to  begin  work  there  with  two  mattress  parties  as  soon  as  the  June  rise 
shall  have  passed. 

In  this  way  it  is  hoped,  too,  that  the  loss  to  the  old  work  may  be  limited, 

IN -THE  VICINITY  OF  ATCHISON,  KANSAS. 

The  only  work  done  on  this  reach  during  the  year  was  the  construction  of  new 
curtains  on  the  dikes,  some  minor  repairs  to  the  bracing,  and  the  rehandling  of  piles 
and  lumber  stored  there. 

Work  was  b^gun  April  6, 1890,  in  accordance  with  my  project  dated  March  31,  and 
approved  by  you  under  date  of  April  3.    It  was  finished  April  11. 

Three,  thousand  five  hundred  Imear  feet  of  willow  curtains  were  woven  in  place 
on  the  dikes.  The  meshes  were  diamond  shaped,  and  averaged  about  100  square 
inches  in  area.  The  brush  were  lashed  together  with  wire  at  all  intersections  and 
to  the  wales.  The  broken  and  missing  wales  and  braces,  of  which  there  were  a  few, 
were  replaced.  The  lumber  and  piles  stored  on  the  bank  were  rehandled  with  a 
view  to  drying  them  and  giving  proper  ventilation.  This  latter  work  was  not  fin- 
ished until  April  17.    The  entire  force  V(as  then  discharged,  except  the  watchman. 

iMail  of  cost  of  placing  8,500  feet  of  new  curtain  on  Atchison  dike,  April,  1891, 

Labor,  weaving  and  placing  curtain,  and  replacing  wales  and  braces $345. 40 

Construction  materitu,  brush  and  wire 55. 30 

Plant  ]purchased 2. 50 

Traveling  expenses — 

April... 40.30 

March 9.20 

Total  cost  of  new  curtains 452. 70 

Cost  of  rehandling  lumber  and  piles. 
Labor $76.05 

Under  date  of  October  6, 1890, 1  submitted  a  revised  project  with  estimates  of  cost 
for  the  improvement  of  the  reach. 

The  accompanying  map  shows  the  changes  of  shoro  \u\v  during  the  year. 

The  accretions  behind  the  dikes  have  increased  considerably  during  the  year.  A 
middle  bar  has  formed  in  the  reach  in  front  of  the  dikes  and  the  major  portion  of 
the  discharge  is  passing  down  to  the  right  of  it.  Under  this  action  the  shore  bar  on 
the  right  bank  has  receded  as  shoAvn  on  the  map. 

The  accompanying  photographic  views*  showing  the  reach  at  the  dikes  were 
taken  October  1,  1890. 

8UBVEY8. 

A  survey  was  made,  August  6  to  August  14,  of  the  St.  Joseph  Reach,  from  a  point 
about  8  miles  above  the  head  of  Bon  Ton  Bend  to  the  St.  Joseph  Bridge. 

August  17  to  30,  a  survey  was  made  of  the  Atchison  Reach  from  Geary  City,  Kans., 
to  the  Atchison  Bridge.    Tracings  of  the  maps  prepared  from  these  surveys  accom- 

ganied  the  revised  projects  for  the  improvement  of  these  reaches  under  dates  of 
eptember  29  and  October  6,  respectively. 

In  the  fall  of  the  year,  the  survey  of  the  St.  Joseph  division,  omitting  the  two 
reaches  Just  mentioned,  was  assigned  to  me.  It  was  made  the  subject  of  a  special 
report  to  the  secretary  of  the  Commission. 

"'  •Omitted. 
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Partial  slioro-liiie  Burveys  were  made  June  2  to  June  9, 1891,  in  the  yiclnity  of 
Nebraska  City,  Rtilo,  and  Atchison. 

Partial  shore  lines  and  hydrographic  surveys  were  made  Arom  time  to  time  in  the 
vicinity  of  the  dikes  on  the  St.  Joseph  Reach,  for  information  as  to  their  effects  on 
the  stream. 

I  am,  colonel,  with  great  respect,  your  obedient  servant, 

B.  WATERS  Fox, 

JHviwian  Enginem'. 
Lieut.  Col.  Chas.  R.  Suter, 
Corps  of  Engineers,  U.  S.  A., 

Fresideni  Missouri  Biver  Commission, 


Appendix  B. 

annual  report  of  mr.  samuel  ii.  yonqe,  divisioll  engineer,  1891. 

Missouri  River  Commission, 

Office  of  Division  Engineer, 

Kansas  City,  Mo,,  June  SO,  1891, 

Colonel:  I  have  the  honor  to  submit  my  report  of  operations  pertaining  to  the 
improvement  of  the  Missouri  River  for  the  fiscal  vear  ending  June  90, 1891. 

As  the  funds  alloted  from  the  appropriation  of  August  if,  1888,  for  constructing 
works  of  improveniuut  had  been  practically  exhausted  at  the  close  of  the  fiscal  ye«r 
ending  Jun<^  30,  1890,  and  no  authority  was  received  to  proceed  under  the  allotment 
for  ''  repair  and  maiuteuaiice  of  works  in  the  vicinity  of  Kansas  City  **  and  that  of 
the  ''  systematic  improvement  of  the  first  reach/'  under  the  appropriation  of  Sep- 
tember 19,  1890,  till  April  30  and  May  19,  respectively,  no  construction  work  of  any 
extent  could  be  carried  on  before  the  cldse  of  the  fiscal  year,  and  the  operations 
were  confined  chiefly  to  care  of  plaut  and  making  special  surveys  and  a  snore-line 
survey  from  the  vicinity  of  We8t«)n,  Mo.,  to  the  mouth  of  the  Missouri  River,  for 
which  last  work  a  separate  report  has  been  submitted  to  the  secretary  of  the  Cora- 
mission. 

improvement  works  in  the  VICINITT  of  KANSAS  CITT,  MISSOURI. 

The  project  for  improvement  works  iu  the  vicinity  of  Kansas  City,  Mo.,  approved 
by  the  Missouri  River  Commission  Mnrcli  27  and  May  12,  comprises  such  accessory 
works  and  extensions  to  works  formerly  constructed  as  were  required  for  the  main- 
tenance and  preservation  of  the  latter,  as  follows,  viz : 

The  protection  of  the  stream  ends  of  the  four  dikes  constructed  in  Little  Platte  Bend 
in  the  summer  of  1889,  by  means  of  woven  mattress  aprons,  to  prevent  the  outer 
ends  of  tlie  dikes  from  being  scoured  out ;  the  completion  of  the  bank  protection  in 
Little  Pliitte  Hend,  by  constructing  a  revetment  extending  from  the  head  of  the 
revetment  of  1889  to  a  point  about  1,600  feet  distant,  upstream,  above  which  point 
the  bank  is  protected  by  the  dikes:  the  repairs  of  the  upper  bank  projection  work  of 
the  Kaw  Bend  revetment,  from  wliich  the  stone  ballast  had  been  removed  by  ice 
and  other  causey;  the  protection,  by  revetment,  of  the  left  bank  of  the  river  opposite 
Kansas  City,  above  the  Harlem  dikes,  to  ^uard  the  dikes  against  flanking;  and  the 
completion  of  the  Kansas  City  system  of  dikes  by  extending  dikes  I  and  II  and  cou- 
stru(;ting  dikes  III,  IV,  and  IX  (vide  accompanying  map),  which  work  was  consid- 
ered essential  in  contracting  the  river  to  an  average  widtn  of  850  feet  and  thereby 
producing  a  more  stable  regimen. 

HARLEM  REVETMENT. 

As  the  time  was  too  short  to  make  the  necessary  preparations  and  complete  any 
one  of  the  works  contemplated  in  the  project  before  a  highsta^e  of  water  was  to  be 
expected,  it  was  decided  to  attempt,  before  the  June  rise,  besides  the  constmction 
of  the  Harlem  revetment,  only  that  of  such  portions  of  the  Kansas  City  dikes  as  lie 
next  to  shore,  where  the  work  would  not  be  too  greatly  interfered  with  by  drift- 
wood. 

On  account  of  unavoidable  delays  in  getting  the  floating  plant  calked  and 
launched  and,  consequently,  in  the  delivery  of  pilmg  and  willows  at  the  site  of  the 
w^ork,  constmction  could  not  be  begun  till  May  26. 

About  this  time  the  river,  which  before  had  been  at  a  moderately  low  stage,  in 
consequence  of  heavy  rains  rose  4  feet,  to  a  mid-stage,  which  is  too  high  for  coh- 
structing  mattress  work  properly. 
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The  work  was,  however,  proceerled  with  till  June  2,  when,  on  account  of  a  further 
rise  of  about  4  feet,  and  the  accumulutiou  of  largo  quantities  of  driftwood  under 
and  over  the  mattress,  it  became  necessary  to  sink  the  mat  and  suspend  work. 

The  revetment  is  to  extend  from  A  to  C,  a  distance  of  2,740  fetf ;  the  mattress  con- 
structed extends  from  A  to  B,  700  feet.      (Vide  map.) 

The  mattress  is  of  the  standard  type  used  ob  Kansas  City  division  as  described  in 
former  reports.  It  extends  to  a  stage  of  about  6^  feet  above  stanikird  low  water, 
and  has  a  width  of  about  75  feet. 

T)ie  followinjj^  statement  shows  the  quantities  of  materials  used  and  the  cost  of  the 
work,  but  the  figures  given  do  not  furnish  a  proper  criterion  for  comparison  with 
other  similar  work,  ns  the  work  is  incomplete  and  too  limited  in  extent. 

Statement. 


Class  of  work,  etc. 


Sinkinz  104  revetment  niichorago  pilen: 

Labor  and  siilwiist^nce 

6,329  linear  feet  piling 

120  bushels  coal 

20  pounds  8-inch  spikes 


Weaving  48,540  square  feet  of  nmttrcsa : 

I^bor  and  subsistence 

285  cords  of  brush 

3,G46  pounds  |-inch  wire  cable 

1,150  pounds  f-iueh  win*  cable 

96  |-inch  iron  cable  fastenings 

40  |-inch  iron  cable  fastenings 


Sinking  34,600  square  feet  of  mattress: 

Labor  and  subsistence , 

158.5  cubic  yards  of  stone 


Miscellaneous: 

Administratinn  and  incidental  expenses. 

St^Kunboat  service 

Preparing  for  work .  .•- 

Care  of  plant  in  service 


Total 


Price  of 
materials. 


$0.08023 
0. 11575 

o.o:{25 


1. 802:16 

0.045 

0.040 

0.08 

0.10 


0.98774 


Cost  of 

each  class 

of  work. 


$195. 24 

427.55 

13.89 

.65 


429. 42 

5TO.  77 

164.07 

46.00 

7.00 

4.00 


49.58 
150.66 


334.48 
251.39 
114.47 
202.11 


Total. 


$637.33 


1,181.86 


203.24 


902.45 


2,927.88 


KANSAS  CITY  SYSTEM  OF  DIKES. 


When  the  construction  of  the  Harlem  revetment  had  to  he  suspended  on  June  2, 
that  of  Dikes  III  and  IV  of  the  Kansas  City  system  was  taken  up. 

As  parts  of  these  dikes  were  to  he  placed  across  a hi.s^h  bar  ad  joininj*^  the  right  hank, 
advantage  was  taken  of  tHe  fact  that  this  bar  was  covered  by  water  to  a  depth  of 
several  feet  by  sinking  the  piles  by  means  of  the  jet,  instead  of  using  a  hammer 
driver  as  lia<l  been  originally  iutcndeil. 

The  work  proceeded  slowly  on  account  of  the  almost  incessant  rains  in  the  early 
part  of  June,  and  considerable  time  was  lost  in  keeping  the  pile-sinker,  barjfej*,  and 
foot  mat  clear  of  driftwood. 

According  to  the  plan  submitted,  Pike  III  is  to  be  about  1,470  feet  long,  as  fol- 
lows, viz :  The  first  630  feet  next  to  the  shore  to  consist  of  a  single  row  of  piles,  with 
a  foot  mat  11  feet  wide;  the  next  620  feet,  of  a  double  row,  with  a  foot  mat  21  to  24 
feet  wide;  and  the  remaining  220  feet,  of  a  triple  row,  with  a  foot  mat  from  35  to 
65  feet  wide;  the  toot  mat  to  be  strengthened  by  wire  cables  |-inch  in  diameter 
wherever  its  width  exceeds  25  feet. 

The  single-row  part  of  the  dike  is  to  be  braced  by  one  string  of  wales  drift-liolted 
to  the  piling  near  the  top,  and  the  double  and  triple  row  parts  are  to  be  braced  in 
the  same  manner  as  was  done  in  the  case  of  the  dikes  constructed  in  this  vicinity  in 
1889,  which  was  fully  described  in  my  report  for  that  year. 

On  account  of  the  high  water  and  swift  current  only  the  following  work  could 
l>e  done,  viz :  the  piles  lor  the  single  and  608  feet  of  the  double-row  parts  were  sunk, 
the  foot  mat  for  the  single-row  and  347  feet  of  the  double-row  parts  constructed  and 
sunk,  and.  350  feet  of  the  single-row  part  braced  in  the  manner  indicated  above. 

The  piles  are  all  sunk  point  down,  with  about  10  feet  between  centers,  in  the  direc- 
tion of  the  dike,  for  the  single-row  part,  and  8  feet  for  the  double-row  part,  and  10 
feet  between  rows  where  more  than  one  row  of  piles  are  osed. 
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The  average  penetration  of  the  piles  on  the  single-row  part  is  17.1  feet  and  on  the 
donble-Tow  part  18  feet. 

The  foot  mat  was  woven  from  deck  pnnts  8  feet  wide  by  18  feet  long,  with  the  for- 
ward end  inclined,  from  which  the  mat  was  laonched.  Under  favorable  circum- 
stances the  construction  of  foot  mat  proceeded  very  rapidly,  abont  200  linear  feet  of 
the  11-foot  mat  and  160  linear  feet  of  the  21-foot  mat  constituting  a  day's  work  for 
a  gang  of  10  to  12  men. 

According  to  the  project  Dike  lY  is  to  be  725  feet  long,  to  consist  of  GOO  feet  of 
double  and  200  feet  of  triple-row  dike  of  the  same  construction  as  the  corresponding 
parts  of  Dike  III. 

Only  the  pile  sinking  for  248  feet  of  the  double-row  part  of  Dike  IV  was  done. 

Dike  work  was  stopped  June  15  by  the  high  stage  of  water,  which  prevented  the 
bracing  and  foot  mat  u-om  being  placed  on  the  parts  of  the  dikes  exposed  to  the  swift- 
est current. 

On  June  16  large  quantities  of  driftwood  lodged  against  the  piles,  causing  49  in 
Dike  Ill.Vhich  were  situated  beyond  the  point  to  which  the  foot  mat  had  been  car- 
ried, to  break  off  and  scour  out.  Sixteen  piles  in  Dike  lY  were  carried  out  in  the 
same  manner. 

The  following  statements  show  the  quantities  of  materials  used  and  cost  of  con- 
structing the  cuke  work  described: 

SUUementfor  6S0  linear  feet  of  single^aw  dike. 


Class  of  work,  etc. 


Sinking  60  piles: 

Labor  and  RubsiBtenoe. 
83  busbclfl  coal 


17  pounds  8-inch  spikes 


1,950  linear  feet  piling 


Bracing  360  linear  feet  of  dike. 

Labor  and  subsistence 

70  pounds  I'iuch  square  iron. 
18  wales,  486  linear  feet 


Weaving  and  sinking  635  linear  feet  of  foot  mat,  11  feet  wide: 

Labor  and  sulMiistence 

47.5  cords  bnisb 

50.7  cubic  yards  stone 


Miscellaneons : 

Preparing  for  work 

Care  of  plant  in  service /. 

Steamboat  service 

Administration  and  incidentals 


Tot4d 


Prices  of 
materials. 


$0.11575 
.0325 
.08023 


.022 
.0317 


1.80236 
.  98774 


Cost  of 

eacb  class 

of  work. 


$102.83 

9.61 

.65 

166.46 


30.15 

L64 

15.41 


103.18 
88.46 
68.97 


32.66 
57.49 
71.60 
96.14 


Total. 


$209.44 


66.10 


250.61 


26A.69 


882.84 


Statement  for  856  linear  feet  of  douhle-row  dike. 


Class  of  work,  etc. 


Sinking  215  piles : 

Labor  and  subsistence. . 

297  bushels  coal 

63  pounds  8-inch  spikes. 
6,986  linear  feet  piling . . 


Weaving  and  sinking  347  linear  feet  uf  foot  mat  20.C  feet  wide : 

XAbor  and  subsi^nce 

48.5  cords  willow  brush 

61.1  cubic  yards  stone 


Miscellaneous : 

Preparing  for  work 

Care  of  plant  in  service 

Steamboat  service 

Administration  and  incideutuls 


Total. 


Prices  of 
materials. 


$0.11676 
.0325 
.08023 


1.86230 
.98774 


Cost  of 

eacb  class 

of  work. 


$368.48 

84.88 

2.05 

660.49 


139.60 
90.32 
60.36 


70.98 
125.80 
155.88 
207.36 


Total. 


$906. 4A 


27 


659.62 
l,815wl9 
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PROCUBINO  COMSTRUCnOK  MATERIALS. 

During  the  season  836  cords  of  willow  brash  wore  jprocured  by  hired  labor,  be* 
tween  Pomeroy.  Kans.,  and  ParkyiUey  Mo.,  at  a  cost  or  $1.86236  per  cord,  including 
the  cost  of  the  brush  on  the  stump  and  loading  on  barges. 

The  brush  was  transported  to  the  work  on  barges  by  the  MelutkM,  an  ayerage  dis- 
tance of  16  miles. 

Thirty-one  thousand  nine  hundred  and  seyenty-seven  linear  feet  of  cottonwood 
piling  was  procured,  of  which  27,977  linear  feet  was  purchased  and  4,000  linear  feet 
}>roduced  by  hired  labor. 

The  ayerage  cost  of  piling,  including  the  delivery  and  handling,  was  $0.06023  per 
linear  foot. 

There  was  also  procured  by  purchase  8,964  linear  feet  of  wales,  at^in  average  coat 
of  $0.0317  per  linear  foot. 

Three  hundred  and  sixty-three  cubic  yards  of  stone  were  purchased  at  a  oost  of 
$0.98774  per  cubic  yard,  inclusive  of  delivery  and  inspection. 

PRESENT  CONDITION  OV  WORKS  OF  IMPROYBIIBNT. 

The  works  in  the  vicinity  of  Kansas  City  still  continue  in  excellent  condition, 
with  the  exception  of  the  upper  bank  protection  of  the  Kaw  Bend  revetment,  for 
which  the  necessity  of  making  the  repairs  approved  by  the  Commission  is  now  ap- 
parent. 

This  work  will  be  done  as  soon  as  the  stage  of  water  becomes  low  enoueh. 

A  good  depth  of  water  has  been  maintained  at  Kansas  City  during  the  low-water 
season  through  the  agency  of  the  dikes  constructed  2  yeara  ago,  which  have  caused 
accretions  reaching,  on  an  aA^erage,  to  the  top  of  the  piles. 

As  large  masses  of  driftwood  accumulate  at  the  outer  ends  of  the  dikes,  the  effect 
of  the  latter  is  made  to  approximate  that  of  solid  dikes  in  causing  eddies,  which  eat 
away  the  accretions  just  below  their  ends,  and  it  may  be  necessary,  in  order  to  stop 
this  action  and  preserve  the  dikes,  to  construct  a  revetment  for  a  distance  of  about 
200  feet  above  and  below  each  of  them. 

The  revetment  work  in  Bee  Creek  Bend,  above  Fort  Leavenworth,  is  standing  the 
high  water  satisfactorily. 

The  revetment  in  Nigger  Bend  is  reported  to  be  in  good  condition. 

The  stream  ends  of  the  two  upper  dikes  at  Miami,  constructed  in  June,  1890,  have 
\een  undermined  and  washed  away  for  a  distance  of  about  100  feet.  This  action  is 
liable  to  continue  until  woven  aprons  are  placed  around  the  ends  of  the  dikes,  which 
it  was  impossible  to  do  at  the^time  when  the  dikes  were  constructed  with  the  funds 
available.  The  cost  of  protecting  the  Miami  dikes  in  the  manner  indicated  will 
amount  to  about  $1,500. 

SPECIAL  SURVEYS. 

A  shore-line  survey  was  made  in  July,  1890,  froni  Miami,  Mo.,  to  a  point  3  miles 
below  the  mouth  of  Orand  River. 

In  September,  1890,  measurements  were  made  and  soundings  taken  at  all  of  the 
dikes,  29  in  number,  constructed  in  the  Missouri  River  between  Kansas  City,  Mo., 
and  Wellington,  Mo.,  by  different  railwav  companies,  for  the  purpose  of  protecting 
their  tracks  against  oeing  washed  away  by  the  river. 

In  September  and  October,  1890,  examinations  were  made  of  obstructions  in  the 
Kansas  River  at  three  bridge  crossings  in  the  vicinity  of  Kansas  City,  Kans. 

Surveys  were  made  in  December,  1^90,  and  in  May,  1891.  between  the  mouth  of  the 
Kansas  River  and  the  Hannibal  and  St.  Joe  Railroad  Briase,  to«determine  the  effect 
produced  by  the  dike  constructed  just  below  the  mouth  of  the  Kansas  River  by  the 
National  Water  Works  Company  of  New  York. 

In  January  and  February,  1891,  a  hydrographic  survey  of  the  bowlder  and  gravel 
reef  in  the  Missouri  River  at  Sibley  Bridge  was  made. 

The  reef  is  an  ancient  terminal  moraine,  and  at  low  stages  of  water  constitutes  a 
dangerous  obstruction  to  navigation. 

The  survey  consisted  in  taking  about  12,000  soundings,  which  were  located  by 
angles.  The  soundinss  were  reduced  to  the  plane  of  standard  low  water  at  Sibley 
Bridge,  and  were  used  as «  basis  in  preparing  a  plan  and  estimate  of  cost  for  cutting 
a  navigable  channel  through  the  reef,  under  the  south  span  of  the  bridge,  along  the 
right  bank  of  the  river,  so  as  to  enable  water  craft  to  pass  the  bridge  and  reef  safely 
at  all  navigable  stages. 

A  survey  was  made  of  the  river  between  Bee  Creek  and  Fort  Leavenworth  Bridge 
in  May.  1891. 

In  May  and  June,  1891,  a  bydrographic  survey  of  the  Missouri  River  was  made 
and  borings  taken  in  the  vicinity  of  the  proposed  rectification  works  near  the  mouth 
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of  tbe  Osage  Riyer,  to  be  used  as  a  study  in  determining  flie  details  of  the  improve- 
ment works  in  that  vicinity,^ for  which  a  project  waa  submitted  under  date  of  April 
16.  1891. 

^i^hteen  plates  of  tracings  and  two  drawings,  embodying  the  resalts  of  the  aboTe 
special  surveys,  were  prepared  and  forwarded  to  your  office  during  the  past  year. 

The  total  cost  of  field  and  office  work  pertaining  to  special  surveys  amounted  to 
$3,882.16. 

MISSOHRI  RIVER  WATER  GAUGES. 

The  water  gauges  between  Fort  Leavenworth,  Kans.,  and  St.  Charles,  Mo.,  were 
inspected  in  July,  August,  and  September,  1890,  and  in  April  and  June,  1891. 
The  cost  of  this  service  amounted  to  $466.60. 

CARS  AND  REPAIR  OF  PLANT. 

'  After  tiie  suspension  of  construction  work  at  Kansas  City,  Mo.,  and  Miami,  Mo., 
in  June,  1890,  the  plant  used  on  those  works  was  for  some  tiuie  left  in  the  river  and 
not  stored  on  ways,  so  as  to  be  ready  for  service  in  case  the  river  and  harbor  bill 
should  pass  early  enough  to  make  further  work  possible  during  that  season. 

The  Kansas  City  plant  was  hauled  out  of  the  river  and  laid  up  oh  the  ways  at 
Quindaro  in  the  latter  part  of  November,  1890,  while  that  at  Miami  was  laid  up  in 
l3ecember,  1890,  on  ways  constructed  opposite  and  above  the  town  during  November. 

In  accordance  with  your  instructions  of  April  29,  1891,  the  work  of  caulking  and 
launching  the  fleet  at  the  Quindaro  boatyard  was  begun  May  3.  Rapid  progress 
was  hindered  by  delays ^in  securing  the  services  of  a  sufficient  number  of  cjiulKers, 
who  had  to  be  engaged  at  distant  points,  and  in  getting  the  launching  tackle  ft'om 
Miami;  the  work  was  also  interfered  with  by  rainy  weather.  It  was  completed 
June  12. 

The  launching  party  was  immediately  tratsfered  to  Miami:  and  the  launching  of 
plant  at  that  point  was  begun  June  15  and  completed  June  27. 

The  cost  of  care  and  rejpair  of  plant  for  the  past  fiscal  year,  including  watching, 
constructing  ways  at  Miami  in  December,  1890,  laying  up  boats  at  Quindaro  and 
Miami  in  November  and  December,  1890,  launching  boat-s  at  Quindaro  and  Miami  in 
November  and  December,  1890,  launching  boats  at  Quiudaro  and  Miami  iu  May  and 
June,  1891,  rent  of  ground,  adminiatration  and  miscellaneous  expenses,  amounted  to 
$24,185.87. 

MOVING  PLANT. 

The  plant  which  had  been  stored  at  Quindaro  boatyard  consisted  of  44  pieces; 
of  this  number  24  pieces,  i.  e.,  the  steam-launch  Melnsina,  2  pile  sinkers  with  tend- 
ers, 1  grader^  1  double-deck  quarter  boat,  1  single-deck  quarter  boat,  1  mattress 
boat,  11 100-ioot  barges,  and  4  64- foot  barges  wore  left  at  Kansas  City  for  ser\icx>i  on 
the  work  to  be  carried  on  in  that  vicinity  this  season;  of  the  remaining  20  pieces,  1 
grader  is  to  be  transferred  to  St.  Joseph  Division,  and  1  machine  boat,  1  mattress 
boat,  1  hydraulic  grader,  9  100-foot  barges,  1  carpenter  boat,  2  64-foot  barges,  4  sur- 
vey quarter  boats,  and  the  17  pieces  stored  at  Miami,  i.  <•.,  1  double-deck  qui.rter 
boat,  2  single-deck  quarter  boats,  2  pile  sinkers  with  tenders,  6  100-foot  bargea,  5 
64-foot  barges,  and  the  unservicable  steam-launch  Daris,  are  being  forwarded  by  the 
tow  boats  Wm.  St^ne  and  Alert  to  the  mouth  of  the  Osage  River,  for  service  on  the 
proposed  works  in  that  vicinity.  The  work  of  moving  plant  is  now  nearly  com- 
]>leted ;  its  total  cost  to  date,  including  the  cost  of  bringing  4  hydraulic  pile  sinkers 
from  Bushburg  to  the  mouth  of  Osage  River,  dlsmautling  the  boatyards  at  Quin- 
daro and  Miami,  and  loading  lumber,  plant,  and  machinery  on  barges,  administration 
and  miscellaneous  expenses,  amounts  to  $10,448.78. 

In  conducting  the  operations  of  the  past  fiscal  year  I  have  been  aasisted  by  R.  H. 
Bacot,  A.  H.  W^ber,  and  R.  A.  Crawford,  assistant  engineers,  all  of  whom  have  per- 
formed their  duties  in  a  creditable  manner,  the  two  former  in  charge  of  the  opera- 
tions relating  to  plant  and  constructicm  work  respectively,  and  the  latter  in  charge 
of  special  surveys. 

Very  respectfully,  your  obedient  servant, 

.Saml.  H.  Yonqe, 

Division  £nginear, 

Lient.  Col.  Chas.  R.  Suter, 

Carps  of  Sngineers,  U,  S,  Army, 

Fresideni  Missouri  River  Commission* 
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BRIDGING  NAVIGABLE  WATERS  OF  THE  UNITED  STATES. 


1.  Report  of  The  Board  of  EngiueorH  ou 
proposed  bridge  across  Hudsou  Kiver 
at  New  York  City. 


2.  Report  of  Board  of  Engi  aoers  on  bridge 
across  Chicago  River  at  Canal  Street, 
Chicago. 
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REPORT  OF  THE  BOARD  OF  ENGINEERS  ON  PROPOSED  BRIDGE  ACROSS 

HUDSON  RIVER  AT  NEW  YORK  CITY. 

The  Board  of  Engineers, 
New  York  Gity^  April  23^  1891. 

General:  In  compliance  with  your  indorsement  dated  December  4, 
1890  The  Board  of  Engineers  has  the  honor  to  submit  the  following  re- 
port on  the  plans  of  the  North  Eiver  Bridge  Company  for  the  construc- 
tion of  the  bridge  authorized  by  the  act  of  Congress  approved  July  11, 
1890,  across  the  Hudson  Eiver  at  New  York  City. 

The  provisions  of  this  act  defining  the  nature  of  the  structure  and  the 
responsibility  devolved  upon  the  Secretary  of  War  in  relation  thereto 
are  the  following : 

Xe  it  macted  by  the  Senate  and  Sovse  Of  Representatives  of  the  United  States  of  Amer- 
ica in  Congress  assembled,  That  authorization  is  hc^roby  given  to  Jordan  L.  Mott; 
John  King  McLanahan,  James  Andrews,  Thomas  F.  Ryan,  Garrett  A.  Hobart,  F.  W. 
Roebling,  Charles  J.  Canda,  Edward  F.  C.  Young,  Henry  Flad,  Gustav  Lindenthal, 
A.  G.  Dickinson,  John  H.  Miller,  WiUiam  Brooktield,  Samuel  Rea,  William  F.  Shunk, 
Philip  E.  Chapin,  and  their  associates,  as  a  corporation  as  hereinafter  provided,  to 
locate,  build,  maintain,  equip,  and  operate  a  bridge,  proper  approaches  thereto  and 
terminals  appurt^uiances  and  works  connected  therewith,  across  the  Hudson  River 
in  and  between  the  city  of  New  York,  in  the  State  of  New  York,  and  the  State  of 
New  Jersey,  and  to  lay  tracks  thereon  for  the  connection  of  the  railroads  on  either 
side  of  said  river,  in  onler  to  facilitate  interstate  commerce  in  the  transportation  of 
persons  and  property,  and  for  vehicle,  pedestrian,  postal,  military,  and  other  pur- 
poses :  Provided,  That  »aid  bridge  shall  have  not  less  than  six  railroad  tracks  with  a 
capacity  for  four  additional  tracks  for  future  enlargement,  and  shall  be  constructed 
with  a  single  span  over  the  entire  river  between  the  towers,  located  between  the 
shore  and  the  established  pierhead  lines  in  either  State,  and  at  an  elevation  above 
tlie  river  not  less  than  that  of  the  existing  Brooklvn  suspension  bridge  over  the  East 
River  and  which  elevation  may  be  increased  by  the  Secretary  of  War  as  hereinafter 
provided,  and  that  no  pier  or  other  obstruction  to  navigation  either  of  a  temporary 
or  permanent  character  shall  be  constructed  in  the  river  between  said  towers. 

Sec  2.  That  the  construction  of  said  bridge  shall  be  commenced  within  three  years 
after  the  passage  of  this  act,  and  shall  be  completed  within  ten  years  after  the  com- 
mencemeut  of  construction.    But  that  the  Secretary  of  War  is  hereby  authorized  to 
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extend  fhe  time  for  the  commencement  of  construction  for  two  additional  years  npon 
oanse  shown  by  the  comp^^ny,  and  proyided  that  the  Secretary  of  War  shall  deem 
such  oanse  sufficient  and  satisfactory ;  and  that  if  the  company  lail  to  commence  ttie 
constmction  of  said  bridge  within  the  time  so  extended  this  act  shall  be  null  and 
Toid.  And  the  company  at  least  three  months  previous  to  conmiencing  the  erection 
of  said  bridge  shall  submit  to  the  Secretary  of  War  a  jplan  of  the  bridge,  with  a  de- 
tailed map  of  the  river  at  the  proposed  site  of  the  bridge,  and  for  the  distance  #f 
one-half  of  a  mile  above  and  below  the  site,  with  such  other  information  as  the 
Secretary  of  War  may  require  for  a  full  and  satisfactory  understanding  of  the  sub- 
ject. And  the  Secretary  of  War  may  upon  receiving  said  plans  and  map  and  other  in- 
formation, order  a  hearing  before  a  board  of  engineers,  appointed  by  him  for  taking 
testimony  of  persous  interested  in  railroads  and  navigation,  relative  to  the  dear 
height  of  the  superstructure  above  ordinary  high  water.  Such  clear  height  shall 
not  be  less  than  that  named  in  section  one  of  this  act,  and  the  Secretary  of  War  may 
thereupon  order  such  additional  dear  height  as  he  shall  deem  necessary  for  the  se- 
curity of  navigation.  And  he  is  hereby  authorized  and  directed  upon  being  satis- 
fied that  a  bridge  built  on  such  plan  and  at  said  locality  will  conform  to  t^e  condi- 
tions of  this  act  to  notify  the  said  company  that  he  approves  the  plans  therefor; 
whereupon  said  company  may  proceed  to  the  erection  of  said  bridge.  But^until  the 
Secretary  of  War  approve  the  plan  and  location  of  said  bridge  toe  erection  of  the 
same  shall  not  be  commenced;  and  shonld  any  change  be  mane  in  the  plan  of  the 
bridge  during  the  progress  of  the  work  thereon,  such  change  shall  likewise  be  sub- 
ject to  the  approval  of  the  Secretary  of  War. 

A«  will  be  seen  by  the  appended  pajH^rs,*  marked  "A^'  to  "I,''  the 
Board  has  endeavored  to  procure,  by  all  available  means,  such  testi- 
mony as  would  assist  in  a  thorough  examination  and  study  6{  the  sub- 
ject. Every  ef[<^rt  was  made  to  secure  at  the  public  hearings  the  at- 
tendance or  representation  of  all  parties  in  interest,  including  the 
municipal  authorities  of  the  cities  of  New  York  and  Hoboken,  These 
hearings  were  extensively  advertised,  and  for  the  final  one  eighty-eight 
special  invitations  were  sent  out.  At  the  first  public  hearing  the  offi- 
cials representing  the  cities  of  Few  York  and  Hoboken  joined  in  asking 
a  delay  of  30  days,  with  a  view  to  submitting  written  statements  rela- 
tive to  the  proposed  bridge  at  the  expiration  of  that  time.  Accord- 
ingly, the  Board  took  an  adjournment;  but  neither  at  the  adjourned 
meeting  nor  subsequently  have  the  expected  documents  been  received, 
although  the  Board  has  repeatedly  invited  the  attention  of  the  authori- 
ties of  both  cities  to  the  matter. 

As  appears  in  the  sections  quoted  above,  the  act  authorizing  this 
bridge  requires  that  before  erection  shall  begin  the  Secretary  of  War 
shall  approve  the  plans  and  location,  and  may  order  such  additional 
clear  height  above  the  wat/cr  way  as  he  shall  deem  necessary  for  the  se- 
curity of  navigation.  To  these  matters  the  Board  has  limited  its  inqui- 
ries. 

PLANS  AND  SITB. 

The  plans  presented  by  the  bridge  corporation  are  complete,  so  &r 
as  regards  the  requirements  for  such  plans  under  the  act,  except  that 
no  provision  is  made  for  the  passage  of  vehicles  other  than  rail  cars  or 
for  pedestrians  to  pass  beyond  the  anchorages;  and  that  no  detailed 
information  is  given  in  regard  to  approaches  and  terminals,  all^oiigh 
asked  for  at  the  public  hearing.  The  bridge  shown  pn  the  drawings  is 
simply  a  railroad  suspension  structure  limited  by  the  anchorages  which 
it  is  proposed  to  erect  at  Twenty-third  street  and  Tenth  avenue,  New 
York  City,  and  at  Twelfth  and  Bloomfield  streets,  Hoboken.  Whether 
such  a  structure  does  or  does  not  meet  the  requirements  of  the  act  is  a 
legal  question  upon  which  the  Board  ventures  no  opinion. 

*Not  printed. 
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CLEAR  HEADWAY. 

The  question  of  minimum  clear  headway  to  meet  the  reasonable  de- 
mands of  commerce  will  now  be  considered. 

This  clear  headway  is  fixed  by  the  act  at  ^^  not  less  than  that  of  the 
existing  Brooklyn  Suspension  Bridge,'',  which  was  established  by  the 
Secretsffy  of  War  at  135  feet  in  the  clear,  above  mean  high  water  of  the 
springtides,  at  the  center  of  the  main  span,  and  which  was  so  built; 
its  height  at  the  piers  is  118  feet. 

Whether  this  (5lear  headway  of  135  feet  above  mean  high  water  of  the 
spring  tides  forms  a  safe  standard  for  a  bridge  to  be  erected  across  the 
North  Eiver  at  Twenty-third  street,  New  York  City,  demands  careful 
consideration. 

East  Eiver  has  a  comparatively  narrow  and  crooked  channel,  obstructed 
by  shoals  and  islands,  and  having  at  some  points  currents  so  strong 
(about  four  knots)  as  to  render  navigation  dif&cult.  North  Eiver  affords 
a  wide  and  straight  channel  free  from  obstructions  and  navigable  even 
in  moderate  fogs.  Here  is  now  situated  the  commercial  center  of  the 
port.  Above  the  city  the  North  River  opens  a  navigable  and  much 
navigated  route  to  Albany  and  all  intermediate  points,  which  has  always 
been  jealously  protected  against  obstruction.  No  commercial  anchor- 
age ground  is  sdlowed  between  Ellis  Island  and  Fourteenth  street,  Ho- 
boken,  or  Thirty -fifth  street.  New  York.  Throughout  the  entire  dis- 
tance of  145  miles  to  Albany  the  river  is  spanned  by  only  one  bridge, 
at  Poughkeepsie,  and  this  has  a  clear  headway  of  160  feet  at  three  spans, 
each  about  520  feet  wide,  one  central  and  one  near  each  bank.  At  pres- 
ent the  North  River  tonnage  exceeds  18,000,000  tons,  which  is  larger 
than  that  of  any  other  river  of  the  United  States,  the  Detroit  and  St. 
Clair  rivers  excepted ;  and  surveys  are  in  progress  looking  to  extend- 
ing a  navigable  depth  of  20  feet  to  the  head  of  navigation  at  Troy. 

In  a  word,  the  commercial  interests  centering  at  and  above  the  site 
of  this  proposed  bridge  are  very  great;  and  to  hamper  commerce  here 
by  a  bridge  structure  too  low  to  meet  its  full  requirements,  present  and 
prospective,  would  prove  far  more  injurious  to  the  port  of, New  York 
than  could  possibly  be  the  case  on  East  River.  Too  narrow  draw  spans 
may  be  widened  to  meet  increased  demands,  but  the  clear  headway  of 
such  a  susx>ension  bridge  as  is  here  proposed  is  more  permanent  than 
the  natural  reefs  at  Hell  Gate. 

That  the  East  Eiver  Bridge  has  to  a  certain  extent  hampered  com- 
merce and  depreciated  wharf  proi)erty  above  its  sit^,  apx)ears  to  be  gen- 
erally conceded,  although  to  what  extent  is  not  easily  determined*  At 
the  date  when  its  height  was  established  (1869)  a  height  of  135  feet  ap- 
peared sufficient  to  reasonably  accommodate  the  shipping  of  the  period. 
The  Brooklyn  Bridge  Gonmiissipn  statues : 

An  addition  of  6  to  10  foot  to  the  present  height  [the  Secretary  of  War  did  add  5 
feet  to  this  height],  would  permit  almost  every  vessel  submerged  to  half  load  line, 
advantage  being  taken  of  the  time  of  tide,  to  pass  with  topgallants  standing.  The 
light  spars  only  above  the  topgallant  would  be  sent  down. 

Would  this  height  be  accepted  to-day,  even  for  East  Eiver  t 
It  has  been  stoutly  argued  before  the  Board  that  actual  experience 
with  the  East  Eiver  Bridge  has  proved  the  contrary,  and  that  the 
structure  has  seriously  depreciated  the  value  of  wharf  property  above 
itsiaiteby  diverting  traffic  to  the  lower  Brooklyn  waterfront.  That 
some  effect  of  this  kind  may  reasonably  be  expected  seems  probable, 
since  a  virtual  tax  is  laid  upon  large  vessels  by  compelling  them  to 
lower  their  spars  at  f^  cost  ranging  Qron).  f  75  to  f  200  in  riggers'  bills,  m- 
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creafiocl  by  a  detention  under  e\i)ens4^«  of  from  1  to  4  days.  The  fact  is 
patent  t<o  all  that  (M>nimerre  ha8  lar|;i:ely  shifted  its  early  location  from 
along  the  New  York  side  of  East  Kiver  to  other  parts  of  the  harbor; 
but  cauM*8  other  than  bridge  obstruction  have  been  at  work,  and  it  is 
not  iM>KHible  to  assign  it<H  tnio  weiglit  to  eai'h.  Insufficient  clear  head- 
way for  the  larger  class  of  modern  vesm^ls  is  doubtless  one  imx>ortant 
cause. 

The  cost  of  from  $75  to  $20(),  exclusive  of  detentions  for  lowering 
the  upper  mii^ts  of  large  vessels  pa^wing  the  bridge,  may  not  seem  a 
large  amount  to  sai;ritice.  But  the  re^ulti^  will  be  much  more  serioos 
than  this  cost.  Even  such  charges  as  those  will  prevent  ves^ls  going  to 
wharves  above  the  bridge,  if  they  can  find  a  place  elsewhere.  The  pro- 
IK)sed  bridge  at  Twenty  third  street,  like  the  Brooklyn  Bridge^  will 
gradually  exclude  larger  sailing  vessels  from  going  above  it.  New  York 
is  seriously  suffering  to-day  from  lack  of  sufficient  dock  front,  and  this 
bridge  will  be  one  more  obstacle  in  the  way  of  proi)erly  using  its  North 
River  front  above  Tweuty-tliird  street  for  a  great  conunerce. 

Another  and  more  precise  mode  of  arriving  at  an  estimate  of  the  mini- 
mum safe  height  for  the  proposed  North  River  Bridge,  is  to  critically  ctmi- 
pare  the  dimensions  of  th«  shipping  now  engaged  in  the  commerce  of  the 
l)ort  with  similar  data  collected  when  the  East  River  Bridge  plans  were 
approved.  Such  a  comparison  has  been  made,  and  a  considerable  in- 
crease of  tonnage  and  height  of  spars  is  indicated. 

The  Bridge  Commission  of  1869  was  furnished  by  the  Ship  Owners' 
Association  with  data  respecting  18  vessels  to  represent  then  existing 
commerce;  on  this  list  no  schooner  and  only  8  ships  exceeded 446  tons. 
Appended  to  this  report  is  a  list*  of  42  schooners,  all  exceeding  500  tons 
and  averaging  656  tons,  the  largest  being  1,096  tons,  which  were  docked 
above  Twenty-third  street  on  North  River  between  June  1  and  Septem- 
ber 1,  1890.  Of  these  15  had  trucks  over  135  feet  above  the  light-draft 
line,  and  19  had  trucks  between  130  and  135  feet  above  this  levd. 
There  is  also  appended  a  list  •  of  15  larfi:e  schooners  which  entered  the 
port  of  New  York  during  the  year  1890,  6  of  them  delivering  coal  near 
Forty-second  street.  North  River.  Only  one  of  the  list  had  trucks  less 
than  135  feet  above  the  light-draft  line;  the  average  of  the  whole  15 
was  160  feet,  the  maximum  being  168  feet  above  this  line.  But  this 
comparison  of  mast  height  only  partially  represents  the  rapid  develop- 
ment of  the  demands  of  modern  shipping  in  the  matter  of  clear  head- 
Avay.  In  1869  nearly  all  large  sailing  vessels  were  square  rigged,  with 
several  comi)aratively  light  upper  spars  which  could  be  easily  lowered. 
Torday  schooners  have  largely  usurped  their  place,  and  their  mast^s  are 
composed  of  only  2  sticks,  the  toi)mast  being  a  massive  spar,  which  re- 
quires the  appliances  of  a  professional  rigger  to  shij)  and  unship. 

To  complete  the  comparison  between  the  sailing  vessels  of  1869  and 
1890,  a  list  of  11  representative  ships  now  trading  at  the  i)ort  of  New 
York  is  appended.*  The  height  of  truck  ranges  from  153  to  191J  feet 
above  the  light-draft  line;  and  two  of  them,  the  Fallcland^sid  PinmorCj 
could  not  pass  light  under  the  Brooklyn  Bridge  even  by  lowering  their 
spars  because  their  jigger  masts  consist  of  single  sticks,  rising  153 
feet  and  139  feet  respiH^tively  above  the  light  draft  line.  Five  of  them 
carry  over  2,000  tons  and  two,  built  last  year,  over  3,000  tons. 

These  fm^ts  and  figures  confirm  wliat  was  stated  orally  before  the 
Board  at  the  public  hearings,  that  the  size  of  sailing  vessels  is  increas- 
ing, and  that  a  clear  headway  which  was  sufficient  in  1869  is  no  longer 
so  to-day. 

•  Not  printed. 
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This  view  is  sustained  by  the  formal  action  of  the  Maritime  Associa- 
tion of  the  Port  of  Kew  York,  which  by  its  board  of  directors  unaiii- 
mously  adopted  the  following  resolution  at  a  meeting  held  on  March  11, 
1891: 

Resolved,  That  the  Board  of  Directors  of  the  Maritime  Association  of  the  Port  of 
New  York,  interested  in  maintaining  the  commerce  of  the  port,  after  careful  consid- 
eration, strongly  urge  that  no  bridge  be  permitted  over  the  North  or  East  River  of 
less  height  than  150  feet  in  the  clear  above  high  water  in  mid-channel,  believing 
that  any  bridge  of  less  height  will  be  a  serious  detriment  to  the  commercial  and 
material  interests  of  the  po]di  by  obstructing  channels  of  navigation  and  trade. 

The  replies  to  the  circular  letter  addressed  to  ship  owners  an&  build- 
ers interested  in  the  commerce  of  the  port,  and  appended  to  this  report,* 
are  to  the  same  effect.  Out  of  14  replies,  recommending  what  the  writ<irs 
regard  as  a  suitable  clear  headway  for  the  proposed  North  River  Bridges 
two  suggest  145  feet;  three,  150 feet;  two,  155  feet;  two,  160  feet;  one, 
from  155  to  160  feet;  two,  165  feet;  one,  from  165  to  170  feet;  and  one, 
192  feet. 

In  considering  the  question  of  clear  headway,  one  important  differ- 
ence between  the  two  bridges  must  not  be  overlooked.  Owing  to  the 
greater  length  of  the  cables,  variations  in  temperature  will  produce 
greater  changes  in  the  ol^ar  headway  of  the  Korth  River  Bridge  than 
occur  at  the  Brooklyn  Bridge.  Mr.  Lindenthal  calculates  the  total  dif- 
ference of  level  at  the  middle  of  the  suspended  structure  due  to  these 
variations  to  be  9  feet,  as  against  5^  feet  of  the  Brooklyn  Bridge.  He 
has  rightly  taken  this  element  into  account  in  his  plans  providing  for 
a  height  of  135  feet ;  and  this  must  be  done  in  deciding  what  the  author- 
ized height  should  be.  • 

APPROACHES  AND  TEBMINALS. 

There  are  certain  requirements  implied  in  the  act  which  the  Board 
thinks  any  bridge  of  this  character  should  possess,  and  which  are  not 
met  by  the  plans  presented;  they  refer  to  the  bridge  approaches  and 
terminals,  and  are  submitteii  for  such  consideration  as  the  language  of 
the  law  allows.  Thus  the  act  requires  that  the  i)roposed  bridge  shall 
have  "  proper  ax)proache8  thereto  and  terminals,  appurtenances,  and 
works  connected  therewith,"  and  the  Board  thinks  tliat  such  provision 
naturally  requires  that  it  should  be  practicable  to  operate  railroad  lines 
over  the  bridge  with  the  safety  and  efficiency  demanded  at  a  terminal 
which  is  to  accommodate  the  many  railway  systems  which  will  desire  to 
use  it.  This  special  condition  of  safe  operation  is  recognized  by  Mr. 
Lindenthal,  the  chief  engineer  of  the  corporation,  in  his  statement: 

The  rigidity  of  the  bridge  is  expected  to  be  such  that  trains  on  all  tracks  may  run 
at  express  speed,  which  is  a  vital  condition  for  the  use  of  the  bridge  by  tlie  respec- 
tive railroads  to  be  accouiraodated,  and  for  the  fullest  accommodatiou  and  conven- 
ience of  the  traveling  public. 

Yet  grades  are  projected  which,  for  a  short  distance  on  the  bridge 
itself,  and  on  the  whole  of  its  New  York  approach,  offer  the  same  diffi* 
cultiesas  are  found  on  the  Pennsylvania  Kailroad  where  it  crosses  the 
Allegheny  Mountains.  Such  grades  involve  the  necessity  of  pusliing  en- 
gines, with  all  their  attendant  delays.  Moreover,  when  the  tracks  are 
wet  or  ice-covered  there  will  be  a  possible  danger  of  runaway  trains 
in  making  the  descent  to  the  terminal  station.  To  present  this  point 
fullvit  is  necessarv  to  refer  to  a  few  fignros. 

*  Not  printed. 
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The  proposed  location  of  the  ITew  York  station,  given  in  Mr.  Linden- 
thal's  report  of  March  13, 1891,  is  on  Sixth  avenue,  above  Twenty-fourth 
street,  where  the  level  of  the  track  will  be  the  same  as  that  of  the  Sixtli 
avenue  elevated  road,  or  60  feet  above  mean  high  water  (20  feet  above 
ground).  Thence  to  the  bridge  tower  the  ascent  is  72  feet  in  4,000  feet, 
or  at  a  grade  of  95  feet  per  mile.  The  descent  on  the  New  Jersey  side 
between  the  tower  and  the  anchorage  is  somewhat  less  abrupt,  being 
on  a  grade  of  74  feet  to  the  mile;  and  it  is  understood  that  the  same 
grade  will  continue  to  the  station,  but  the  exact  location  of  this  station 
is  withheld  by  the  corporation.  These  figures  refer  to  the  tracks  located 
on  the  lower  deck  of  the  bridge ;  the  6  tracks  of  the  upper  deck  will  rise 
25  feet  higher,  and  Mr.  Lindenthal^  without  naming  the  grades,  states 

that- 
Even  a  steeper  grade  than  1.8  per  cent.  (95  feet  per  mile)  wiU  be  necessary  to 
accomplish  it. 

These  very  objectionable  grades  are  commented  ui)on  adversely  in  all 
the  letters  from  railroad  officials  and  experts  presented  by  the  corpo- 
ration to  sustain  the  claim  that  no  increase  of  bridge  height  over  the 
minimum  prescribed  in  the  act  should  be  required.  The  following 
extracts  from  these  letters  convey  a  fair  idea  of  their  general  tenor: 

Mr.  S.  M.  Prevost,  general  superintendent  of  transportation  of  the 
Pennsylvania  Railroad,  writes: 

It  seems  to  me  that  such  a  heavy  grade  as  this  (95  feet  per  mile)  wUl  very  serionslr 
impair  the  use  fain  ess  of  the  bridge  and  very  materially  interfere  with  the  adoption 
of  the  bridge  route  by  the  railway  companies  reaching  Jersey  City. 

I  suppose  you  are  aware  that  tMs  grade  is  equivalent  to  the  grade  on  the  Penn- 
sylvania Railroad  between  Altoona  and  Qallitzin,  and  you  know  that  over  that  dis- 
tance we  are  obliged  to  use  two  engines  for  an  ordinary  passenger  train  in  ascend- 
mg  the  grade,  and  you  are  also  probably  aware  of  the  great  care  with  which  these 
trains  are  handled  when  desceiiningthe  grade  and  when  arriving  at  Altoona  station; 
therefore  with  such  a  grade  over  your  new  Hudson  River  Bridge  yon  should  have 
the  same  difficulties  in  getting  out  of  New  York,  and  the  same  difficulties  in  getting 
in  into  it  as  we  have  over  the  Allegheny  Mountains. 

Mr.  Paul  S.  King,  chief  engineer  Lehigh  Valley  Eailroad  Company, 
writes : 

One  other  thing  that  should  not  be  overlooked  is  the  danger  of  trains  going  down 
grade  from  the  bridge  to  the  station  at  the  foot  of  the  grade.  In  this  case  the  ]oca> 
tion  of  the  station  at  the  foot  of  the  grade  can  not  be  avoided.  The  more  urgency 
is  there  to  protect  the  station  against  runaway  trains.  To  keep  a  train  going  down 
a  steep  grade  under  control  is  not  always  possible.  The  state  of  the  weather  and 
the  nature  of  the  traflic  can  not  be  controlled. 

Mr.  Theodore  N.  Ely,  general  superintendent  of  motive  power  of  the 
Pennsylvania  Kailroad^  writes: 

The  grade,  1.8  per  cent.,  which  j'ou  mention  as  having  been  accepted  by  vour  com- 
pany, I  should  regard  as  excessive;  it  will  certainly  greatly  increase  the  difficulties 
of  operation,  and  during  bad  weather  I  feel  conftdent  that  there  will  be  serious 
delays  to  trains,  unless  ample  allowance  is  made  on  the  time  tables  for  the  distance 
covered  by  the  grade. 

Other  quotations  to  the  same  effect  might  easily  be  made,  as  may  be 
seen  by  reference  to  the  original  letters,  appended •  and  marked  "H,'* 

RECOMMENDATIONS. 

After  giving  the  attention  to  this  matter  which  its  importance  de 
mands,  the  Board  would  hesitate  to  recommend  the  approval  of  the 
]inmodified  plans  under  any  circumstances.    If  railroad  transit  is  im 

*  Jf ot  printe4T 


APPENDIX   BBB — BRIDGING   NAVIGABLE   WATERS.         3859 

peratively  demanded  in  this  immediate  vicinity  and  a  bridge  of  no 
greater  height  than  135  feet  is  financially  possible,  the  crossing  should 
be  sought  through  one  or  more  tunnels,  or  by  moving  the  sit^e  about  8 
miles  up  the  river  to  the  vicinity  of  Fort  Washington,  where  high  ground 
exists,  admitting  greater  headway  and  making  easier  grades  possible, 
and  where  the  river  width  is  not  materially  greater  than  at  Twenty- 
third  street.  ^So  long  a  detour  is  doubtless  objectionable,  but  if  a 
height  greater  than  135  feet  is  impossible  at  Twenty-third  street,  a 
change  of  site  is  an  alternative. 

The  Board  is  of  opinion  that  a  bridge  of  135  feet  height  at  Twenty- 
third  street  is  an  "unreasonable  obstruction  to  navigation."  The 
Board  therefore  recommends  that  the  clear  headway  at  the  middle  of 
the  span  above  high  water  of  spring  tides  be  increased  in  the  plans  to 
not  less  than  150  fe^t  under  any  conditions  of  load  or  temperature,  and 
at  the  towers  to  not  less  than  140  feet.  These  figures  correspond  to  a 
clear  headway  of  155  feet  at  the  center  of  the  span  at  the  mean  tem- 
perature of  60O  P. 

KespectfuUy  submitted. 

Henry  L.  Abbot, 
Colonel  of  Engineers^  Bvt,  Brig.  Oenhj  U.  8,  A,y 

President  of  the  Board. 

G.  B.  COMSTOOK, 

Colonel  of  JEngineers.Bvt.  Brig.  Genh^  U.  8.  A. 

D.  0.  Houston, 

Colonel  of  Engineers. 
Or.  L.  Gillespie, 
Lieutenant- Colonel  of  Engineers. 
Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers y  U.  8,  A. 

[ITirat  indorsement.] 

Office  Chief  of  Engineers, 

U.  S.  Army, 
April  27y  1891. 

Eespectfully  submitted  to  the  Secretary  of  War. 

The  Board  of  Engineers  at  New  York,  to  which  was  referred^  for 
consideration  and  report,  the  plans  submitted  by  the  North  River  Bridge 
Company  for  bridge  across  Hudson  River  between  New  York  City  and 
New  Jersey,  under  provisions  of  act  of  Congress  approved  July  11, 1890, 
states  that  after  giving  the  attention  to  this  matter  which  its  impor- 
tance demands,  it  woidd  hesitate  to  recommend  the  approval  of  the  un- 
modified plans  under  any  circumstances,  and  that  if  railroad  transit  is 
imperatively  demanded  in  this  immediate  vicinity  and  a  bridge  of  no 
greater  height  than  135  feet  is  financially  possible,  the  crossing  should 
be  sought  through  one  or  more  tunnels,  or  by  moving  the  site  about  8 
miles  up  the  river  to  the  vicinity  of  Fort  WashingtoiT,  where  higli 
ground  exists,  admitting  greater  headway  and  making  easier  grades 
possible,  and  where  the  river  width  is  not  materially  greater  than  at 
Twenty-third  street,  the  site  proposed  by  the  bridge  company.  So  long 
a  detour  is  doubtless  objectionable,  but  if  a  height  greater  than  135  feet 
is  impossible  at  Twenty-third  street,  a  change  of  site  is  an  alternative. 

The  Board  is  of  opinion  that  a  bridge  of  135  feet  height  at  Twenty- 
third  street  is  an  "unreasonable  obstruction  to  navigation,^  and  it 
therefore  recommends  thj^t  the  clear  headway  at  the  middle*,  of  the  span 
above  high  water  of  spring  tides  be  increased  in  t?iQ  Jf^m  to  l^ot  ICSS 
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tliau  150  feet  under  any  conditions  of  load  or  temx>erature,  and  at  tbe 
towers  to  not  lens  than  140  feet.  These  fignres  correspond  to  a  clear 
hoailway  of  155  feet  at  tlie  center  of  the  span  at  the  mean  temi>erature 
of^MPF. 

The  views  and  recommendations  of  thelioard  are  concurred  in  by  this 
office  and  are  recommended  for  approval. 

It  is  also  recommended  that  a  copy  of  the  report  of  the  Board  be 
furnished  the  bridge  comi)any  for  its  information. 

H.  M.  Adams, 
Major,  Corps  of  JEngineers,  in  charge. 

[Second  indorsemont.] 

War  Department, 

April  29 J  1891. 

The  vii'Avs  and  recommendations  of  The  Board  of  Engineers,  as  con- 
curred in  by  the  officer  in  charge  of  the  office  of  the  Chief  of  Engineers, 
are  ai)]m)ved. 

A  copy  of  the  re]>ort  of  the  Board  will  be  fiirnished  the  bridge  com- 
pany a.s  recommended. 

L.  A.  Grant, 
Acting  Secretary  of  War. 


LIST    OF    PAPKRS"   APPENDED    TO    THE    REPORT  OF  THE    BOARD  OF  ENGINEERS    OX 

THE   NORTH   RIVER  BRIDGE,   D'ATED  APRIL  23,    1891. 

A.  Stenographic  report  of  an  interview  with  Mr.  Gustav  Lindeuthal,  chief  engi- 
neer of  the  North  River  Bridge  Company,  on  December  19,  1890. 

B.  Stenographic  report  of  tiie  public  hearing  of  the  Board  on  January  8,  1891. 


Lieut. 

height  of  masts  of  schooners,  and  requesting  their  views  as  to  whether  a  bridge  185 
feet  high,  above  Twenty -third  street,  New  York  City,  would  interfere  with  or  ixgori- 
ously  modify  tiie  present  or  future  navigation  of  the  Hudson  River.  The  replies  r«- 
coivedf  forty-two  in  number,  are  also  herewith,  accompanied  by  a  tabulated  abstaract 
of  their  contents. 

K.  A  report  made  to  Colonel  Gillespie  by  Mr.  G.  W.  Kuehnle,  assistant  engineer, 
in  regard  to  vessels  of  over  500  tons  that  were  at  the  wharves  and  docks  on  the  Hud- 
son River  above  Twenty-third  street,  New  York  City,  during  June,  July,  and  August, 
1890.  Witl»  thisvrep^rt  are  (1)  a  list  of  such  vessels;  (2)  a  nst  of  large  ships  trading 
at  the  port  of  Now  York,  and  (3)  a  list  of  large  schooners  in  the  port  of  New  York. 

F.  A  letter  of  March  10,  1891,  with  four  inclosures,  from  Mr.  Edward  Hincken  rela- 
tive to  the  cost  of  raising  and  lowering  masts  of  schooners  passing  under  the  Brook- 
lyn Bridge.  Mr.  Hinckeu  is  a  member  of  the  board  of  pilot  commissioners  of  Kew 
York,  and  represented  that  body  as  well  as  the  Maritmie  Association  of  New  York 
before  the  Board. 

G.  Formal  resolution  of  the  Maritime  Association  of  the  port  of  New  York,  date<l 
March  11,  1891,  against  the  construction  of  any  bridge  over  the  East  and  North 
Rivers  having  a  clear  height  of  less  than  150  feet. 

H.  Supplementary  statement  on  the  capacity  of  the  proposed  bridge  and  the  olea 
height  of  tbe  same,  made  by  Mr.  Lindcnthal  on  March  13, 1891.  This  is  accompanie 
by  ten  communications  received  by  him  from  railroad  officials  on  the  influence  whir 
the  proposed  height  would  have  on  the  grades  and  railroad  traffic  over  the  brid|; 
Appended  thereto  is  also  a  letter  from  Mr.  Lindcnthal,  dated  March  21, 1891,  reqnes 
ing  that  that  part  of  his  statement  of  March  13  which  speaks  of  the  silence  of  tl: 
Maritime  Association  on  the  question  of  height  be  stricken  out. 

r.  Some  considerations  on  the  question  of  the  building  of  the  North  River  Brid^ 
by  Charles  Donohue,  counsel  for  the  North  River  Bridge  Company,  dated  March  : 
1891. 

*  Not  printed. 
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B  B  B  2. 

REPORT  OF  BOARD  OF  ENGINEERS  ON  BRIDGE  ACROSS  CHICAGO  RIVER 

AT  CANAL  STREET.  CHTCACiO. 

Report  of  the  Board  of  Engineers,  convened  by  Special  Orders  ]N"o. 
39,  HeadqnarterH,  Corps  of  Engineers,  Jnne  17, 1891,  in  the  matter  of 
the  Canal  Street  Bridge,  Chicago,  as  called  for  by  indorsement  from  the 
office  of  the  Chief  of  Engineers,  U.  S.  Army,  dated  June  17, 1891. 

The  facta  with  relation  to  this  matter  are  fnlly  set  forth  in  the  accom- 
panying papers,*  including  both  those  originally  referred  to  the  Board 
for  the  puri)08e  of  investigation  and  those  subsequently  received,  all 
of  which  are  forwarded  with  this  report. 

A  brief  resume  of  the  data  of  record  is  as  follows :  The  Chicago  River, 
including  the  main  stream  and  the  two  branches,  was  originally  but  a 
shallow  and  sluggish  bayou,  receiving  the  seepage  and  drainage  from 
the  flat  region  traversed  by  it,  and  upon  whicli  the  city  of  Chicago  is 
built. 

The  river  is  the  Inner  Harbor  of  Chicago,  and  practically  the  only 
one  since  the  Lake  Shore,  with  the  exception  of  a  restricted  area,  ad- 
iacent  to  the  mouth,  which  is  protected  by  piers  built  by  the  General 
Grovernment,  is  occupied  by  railways  and  city  parks,  and  the  Outer 
Harbor,  inclosed  by  the  breakwaters  built  in  the  lake,  is  not  used  for 
commercial  purposes  by  reason  of  the  absence  of  wharves  and  facili- 
ties for  the  transfer  and  handling  of  freights.  The  banks  of  the  river 
traversing  the  heart  of  the  city  were  therefore  by  degrees  bulkheaded 
and  improved  for  business  purposes,  and  the  stream  was  dredged  to 
permit  movement  of  loaded  vessels,  until  at  this  time  vessels  of  the 
heaviest  lake  tonnage  discharges  and  receive  freight  at  points  several 
miles  from  the  lake,  which  formerly  could  be  reached  only  in  arowboat. 
At  the  same  time,  with  the  development  of  the  commercial  uses  of  the 
'  stream,  which  have  attained  dimensions  commensurate  with  the  unex- 
ampled growth  of  the  city  in  general,  the  river  was  made  a  main  or 
trunk  sewer,  receiving  the  discharges  from  all  lateral  sewers  intercepted 
by  it,  and  by  suitable  means  at  the  head  of  the  South  Branch  provision 
has  been  made  for  reversing  the  movement  of  the  stream  so  as  to  dis- 
charge its  contents  to  the  west  tuid  south  instead  of  into  the  lake,  whence 
the  water  supply  of  the  city  is  taken. 

To  provide  for  land  traffic  across  the  river  bridges  have  been  built 
at  numerous  points,  and  these  have  multiplied  as  the  rapidly  increas- 
ing population  made  urgent  demand  for  better  means  of  transit. 

The  better  examples  of  these  bridges  are  fairly  well  designed  for 
their  purpose,  being  built  on  a  center  i)ier,  with  a  draw  opening  on  each 
side,  having  altitude  above  the  water  sufficient  to  permit  the  passage 
of  tugs  and  small  steam  vessels  beneath  them,  and  being  swung  rapidly 
by  steam,  admit  of  an  alternation  of  laud  and  water  traffic,  with  brief 
intervals  of  suspension  for  one  or  the  other.  Many  of  the  bridges, 
however,  are  low  and  must  be  swung  even  for  a  tug,  and  others  have 
but  one  draw  opening,  the  other  being  closed  or  insufficient  for  passage 
of  vessels. 

In  addition  to  the  obstruction  to  navigation  due  to  the  presence  of 
the  bridge  is  that  due  to  the  loading  and  discharging  of  vessels  lying 
at  wharves  contiguous  to  the  bridge,  which  in  many  cases  by  tlie  re- 
striction of  the  waterway  amounts  to  a  total  blockade  of  the  river  until 

*  Not  jiriiit^ed. 
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the  obstmctiag  vessel  moves.  Ilaving  iu  view  the  hundreds  of  vessels 
iQOvemeuts  and  the  Urns  of  thousands  of  land  transits  required  lor  the 
daily  service  of  the  city,  it  is  evident  that  the  situation  is  one  of  great 
difficulty,  and  calls  for  the  most  careful  adaptation  of  means  to  ends 
that  a  just  balance  be  maintained  between  the  conflicting  requirements 
of  land  and  water  traffic. 

The  Canal  Street  Bridge  was  authorized  by  an  ordinance  of  council 
with  the  object  of  creating  means  of  transit  at  a  point  not  conveniently 
reached  by  the  bridges  above  and  below.  As  the  bridge  would  be  of 
no  service  unless  approachable  from  both  directions,  it  was  necessary 
to  condemn  lands  for  street  purposes  at  both  ends,  and  the  obstructions 
to  accomi)lishing  this  and  of  assessing  benefits  upon  adjacent  x)roperty 
were  such  that,  to  expedite  matt(TS,  the  bridge  was  put  under  con- 
struction in  tulvance  of  the  opening  of  the  connecting  streets  and  the 
I)rojected  widening  of  the  river  on  the  southeast  bank.  The  original 
intention  wa.s  to  build  a  high  bridge,  but  as  this  would  have  necessi- 
tated elevated  approaches,  the  plan  was  changed  and  a  low  bridge 
substituted.  With  this  excei)tion  the  general  design  of  the  bridge  is 
not  si)e(ially  olyectionable.  It  was,  as  in  other  cases,  to  have  a  center 
l)ier,  with  navigation  spans  of  over  60  feet  width  on  eaeh  side,  but  as 
actually  constructed  tlie  defects  are  serious.  The  bridge  stands  at  the 
north  end  of  asharj)  turn  in  the  stream,  which  is  now  but  121  feet  wide 
between  banks.  Of  this  the  pivot  pier  and  protection  occupies  37  feet, 
leaving  <IS  ftet  opening  on  its  northwest  side  and  but  19  feet  on  the 
southeast  side.  Furthermore,  the  i)rotection  wings  to  the  pivot  pier, 
with  a  total  length  of  n(»arly  270  feet,  extend  into  the  bend  south  of  the 
bridge,  so  that  a  large  vessel  recpiires  for  i)assage  every  inch  of  space, 
and  in  swinging  for  the  turn  has  to  scrape  the  banks  at  stem  and  stem, 
while  touching  the  protection  wing  on  the  side.  If  in  these  circumstances 
the  wharves  on  the  northwest  side  of  the  river  are  occupied  by  vessels 
discharging  at  the  lumber  yards  the  blockade  is  manifestly  total. 

The  situation  is  one  that  from  the  navigation  point  of  view  can  not  be 
relieved  until  at  least  the  southeast  draw  is  opened  to  its  fiill  width  by 
the  (condemnation  and  removal  of  the  strip  of  land  some  450  feet  iu 
length  and  4'$  feet  in  width  at  the  widest  portion. 

From  the  point  of  view  of  the  land  traflftc  the  existing  conditions  are 
still  less  favorable.  The  pivot  pier  was  hastily  built  on  piles  which  ap- 
l)ar(»ntly  do  not  reach  hard  bottom,  as  the  bridge  has  already  been 
raised  two  or  three  times  in  the  attemi)t  to  make  it  serviceable  for  tran- 
sit. At  the  prcvsent  time  it  is  considerably  out  of  line  and  level  and  will 
only  close  suiliciently  to  permit  a  casual  foot  passenger  to  cross.  For 
wheel  traffic  it  is  useless,  and  would  be  in  any  event,  as  the  approaches 
are  blocked  at  both  ends.  The  bridge  is  therefore  practically  of  no 
service  whatever. 

These  facts,  it  may  be  stated,  are  generally  admitted,  and  the  objec- 
tions made  on  the  part  of  the  property  owners  concerned  in  the  con- 
struction of  the  bridge,  aiul  who  have  contributed  money  towards  its 
cost  and  that  of  condemnation,  to  the  removal  of  the  obstruction  to 
navigation  until  such  time  as  the  full  width  of  water  way  in  both  draws 
could  be  secured,  are  ai)i)arently  based  upon  an  apprehension  that  h 
the  present  structure,  notwithstanding  its  uselessness  to  them  and  its 
obstructive  features,  be  removed,  they  will  never  get  another. 

The  navigaticm  interests  concerned  are  fully  set  forth  in  the  accom 
panying  pai)ers  (Schedules  B,  C,  D,  E,  and  F).*    They  are  manifestly  a 

•  Not  printed. 
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enormous  magnitade,  and  a  few  hours  of  delay  and  obstruction  at  the 
bridge  cost  the  business  of  Chicago  as  much  as  did  the  bridge  itselt 
The  pressure  for  freight  facilities  in  the  crowded  river  is  constantly 
upward,  and  the  dimensions  of  the  vessels  engaged  in  lake  traffic  are 
steadily  increasing,  so  that  the  objections  to  obstructions  increase  in  a 
geometrical  ratio  from  year  to  year. 

The  actual  amount  of  land  traffic  concerned  is  somewhat  a  matter  of 
speculation.  At  the  present  time,  as  has  been  stated,  there  is  none  at  all. 
The  area  to  be  immediately  benefited  is  somewhat  restricted,  and  to 
gather  in  the  100,000  or  200,000  people  supposed  to  be  interested  neces- 
sitates taking  account  of  the  population  of  wards  quite  remote  from  the 
locality.  There  are  bridges  in  the  vicinity,  viz,  at  Eighteenth  and 
Twenty-second  streets,  within  one-fourth  and  one- fifth  mile,  respectively, 
of  the  Canal  Street  Bridge,  which  can  be  and  are  now  used.  At  the 
same  time  the  matter  is  complicated  by  the  necessity  referred  to  by  the 
commissioner  of  public  works  of  the  temporary  closing  of  the  Halstead 
Street  Bridge,  which  is  the  main  north  and  south  thoroughfare,  which 
would  involve  embarrassment  if  there  were  no  other  to  take  its  place 
meanwhile.  On  the  other  hand,  the  full  utilization  of  the  Canal  Street 
Bridge  will  require  the  construction  of  viaducts  for  crossing  the  rail- 
way tracks  multiplying  in  the  vicinity,  and  this  wiD-  take  both  time  and 
money. 

On  the  whole  it  does  not  appear  that  there  was  any  such  urgent 
necessity  for  the  bridge  as  to  warrant  its  construction  in  advance  of 
the  creation  of  proper  facilities  for  the  movement  of  vessels,  and  it  is 
evident  that  an  egregious  municipal  blunder  was  made  in  so  building 
it  as  to  create  vexatious  and  unnecessary  obstruction  to  navigation, 
while  at  the  same  time  the  structure  was  perfectly  useless  to  those  for 
whose  benefit  and  partly  at  whose  cost  it  was  erected. 

The  situation  is  fairly  well  summed  up  in  the  communication  from  the 
commissioner  of  public  works  to  the  city  council,  which  is  embodied 
in  the  minutes  of  the  Board  on  page  5,  to  which  attention  is  invited  and 
from  which  the  following  is  quoted  as  substantially  in  accordance  with 
the  views  of  the  Board: 

The  present  condition  of  the  bridge  is  snch  that  it  can  not  be  entirely  closed.  The 
piles  on  which  the  pier  rests  have  settled  5^  inches,  and  are  still  settling,  and  the 
pier  has  tilted  to  the  south,  throwing  both  ends  of  the  bridge  out  of  line.  There  is 
but  one  channel  through  the  bridge,  which  is  on  the  north  side.  The  land  adjoining 
the  river  on  the  north  and  both  sides  of  Canal  streettis  used  for  lumber  yards,  and 
when  vessels  are  unloading  at  the  docks  lar^^e  vessels  can  not  pass  through  the  draw. 

In  its  present  condition  the  bridge  is  a  serious  obstruction  to  navigation,  causing 
much  delay  to  the  large  class  of  vessels  passing  this  point,  and  is  of  no  use  whatever 
for  team  traffic,  and  can  only  be  made  so  by  entirely  removing  the  present  super- 
structure and  rebuilding  the  pier,  which  should  beof  masonry  to  maintain  the  super- 

stractore  in  working  order. 

•  •••••• 

CONCLUSIONS. 

First.  The  water  traffic  at  the  Canal  Street  Bridge  is  of  immense 
extent  and  value,  and  is  rapidly  increasing.  The  land  traffic  at  present 
does  not  exist,  and  its  future,  in  view  of  the  surrounding  complications, 
is  problematical. 

Second.  In  general  character  the  bridge  should  either  leave  the  water 
way  unobstructed  for  a  clear  width  of  not  less  than  100  feet,  properly 
adjusted  with  reference  to  the  banks,  or  should  have  two  draw  openings 
of  not  leas  than  60  feet  each  with  a  clearance  of  14  feet  above  Chicago 
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datiim  (or  12  feet  above  mean  lake  level)  for  passage  of  tugs  and  scows, 
and  be  maneuvered  by  steam. 

In  view  of  the  diffieulties  attending  the  constniction  of  elevated  ai>- 
proa<*hes  and  the  fact  that  other  low  bridges  exist,  the  requirement  ax? 
to  clearance  mav  ])ewaiv(Ml. 

Third.  The  (»xistiiig  structure  is  usel(\ss  for  land  tratlic  and  is  an 
unreasonable  obstruction  to  navigation  in  the  following  respects: 

a.  It  has  but  one  draw  opening,  and  that  on  the  concave  side  of  the 
river. 

b.  It  has  but  7  J  feet  clearance,  so  that  it  must  be  swung  for  every  tug. 

c.  Lyin^j;  in  a  bend  the  navigable  width  for  long  vessels  is  reduced 
to  about  45  fe<»t,  so  that  with  a  vessel  lying  at  an  adjacent  wharf  passage 
is  entirely  blockcHl. 

d.  The  pivot  i>ier  is  improperly  constructed  and  does  not  supi)ort  tlio 
bridge. 

c.  The  bridge  has  no  provision  for  swinging  otherwise  than  by  hand, 
which  is  too  slow  a  process  in  the  circumstances. 

Fourth.  The  changes  nectessary  to  remove  the  unreasonable  obstruct- 
ive features  are : 

a.  To  land  the  bridge  and  take  out  the  present  pivot  pier,  preliminarj'^ 
to  rebuilding  it  in  a"  proi)er  manner. 

h.  Before  uii<lertaking  the  reconstruction  of  the  pivot  pier  to  complete 
the  constniction  of  the  water  way  of  the  south  draw  to  its  ftill  width  by 
the  needful  Avidening  of  the  river  along  the  south  bank. 

e.  Swing  the  bridge  by  steam. 

fl.  The  clejuanee  or  height  above  water  should  be  14  feet,  but  this 
requirement  would  probably  indefinitely  delay  the  reconstruction,  and 
is  ])erhaps  not  absolutely  essential. 

Fifth.  The  time  required  to  make  the  necessary  changes  is: 

a.  To  land  the  bridge  and  remove  the  defective  pile  pivot  pier — 2 
weeks. 

b.  To  reconstrut't  the  bridge,  supposing  the  water  ways  to  have  been 
opened  and  no  other  than  engineering  difficulties  to  be  considered — 90 
days. 

RECOMMENDATIONS. 

That  notice  be  made  to  the  city  of  Chicago: 

First.  To  remove  the  present  pivot  pier,  the  protection  wings  or  bridge 
rests,  and  all  other  adjuncte  to  the  existing  construction  now  standing 
in  the  stream  and  obstnicting  navigation,  within  3  weeks  from  date  of 
servi(»(»  of  noti<^e. 

Second.  To  postpone  any  further  construction  of  the  bridge  as  now 
desigiKMl  until  such  time  as  the  river  shall  have  been  so  .widened  as  to 
provide  for  the  full  oi)ening  of  the  south  draw. 

Third.  That  provision  be  made  when  the  bridge  is  restored  for  maneu- 
vering it  by  steam  power. 
AU  of  which  is  respectfully  submitted. 

William  Ludlow, 
Major  J  Corps  of  Engineers,  Bvt,  lAeut  CoLy  If.  8.  A. 

( -HAS.  E.  L.  B.  Davis, 
Major ^  Corps  of  Engineers^ 
W.  L.  Marshall, 
Captj  Corps  of  Engineers. 
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OCCUPANCY    OF    AND   INJURY    TO    PUBLIC   WORKS   BY    CORPORATIONS 

AND  INDIVIDUALS. 


[Reported  under  Bcction  2,  river  and  harbor  net  of  1884,  and  swtion  4,  river  and  harbor  act  of  188C.] 


1.  Report  of  Lieut.  CoL  G.  L.  Gillespie, 
"    Corps  of  Engineers. 

2.  Report  of  Col.  Win.  P.  Craighill,  Corps 

of  Engineers. 

3.  Report  of  Capt.  H.  S.  Taber,  Corps  of 

Engineers. 


4.  Report  of  Col.  O.  M.  Poe,  Corps  of  En- 

gineers. 

5.  Report  of  Maj.  x\mos  Stickney,  Corps 

of  Engineers. 

6.  Report  of  Lieut.  Col.  W.  H.  H.  Ben- 

yaurtl,  Corps  of  Engineers. 


(1)  REPORT    OP    LrEUTENANT-COLONEL   G.  L.    GILLESPIE,    CORPS    OF 

ENGINEERS. 

The  only  instances  of  piers  or  other  structures  built  by  the  United 
Sta,tes  Which  are  occupied  by  corporations  or  individuals,  referred  to  in 
the  act  of  August  5, 1886,  are  found  in  the  Upper  Hudson  River.  8onie 
of  the  piers  so  occupied  have  been  given  in  previous  reports.     » 

During  the  fiscal  year  ending  June  30, 1891,  the  following  revocable 
licenses  have  been  granted  by  the  Secretary  of  War  : 

1.  Clark  &  Laurence^  October  20, 1890,  to  enter  upon,  occui>y,  and  use 
as  an  ice-house  dock,  157  feet  7  inches  of  tlie  Government  diJce  on  Bo- 
gart  IsUmdy  in  the  Hudson  River,  !N^ew  York. 

2.  Best  <&  Carman,  September  6,  1890,  to  occupy  and  use  as  an  ice- 
house dock,  258  feet  of  Campbell  Island  Dike,  Hudson  River,  New  York. 

3.  The  Kniekerhocker  Ice  Company^  September  6,  1890,  to  enter  upon, 
occupy,  and  use  as  an  ice-house  dock,  281  feet  of  Beacon  Island  Dike, 
Hudson  River,  New  York. 

4.  The  Knickerbocker  Ice  Company,  September  25,  1890,  to  occupy 
and  use  as  an  icic-house  dock,  190  feet  of  Bogart  Island  Dike,  Hndsoii 
River,  New  York. 

5.  The  Knickerbocker  Ice  Company,  September  25, 1890,  to  occupy  and 
use  as  an  ice-house  dock,  322  feet  of  Cabbage  Island  Dike,  Hudson  River, 
New  York. 

6.  Johi  N.  Briggs,  April  16, 1891,  to  occupy  and  use  as  an  ice-house 
dock,  450  feet  of  Coeyman  Dike,  Hudson  River,  New  York. 

G.  L.  Gillespie, 
Lieut,  Col.j  Corps  of  Engineers. 
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(2)  report  of  colonel  wm.  p.  cra.ighill,  corps  of  engineers, 

United  States  Engineer  Office, 

Baltimore^  Md.j  July  i,  1891. 

General:  In  eoiupliance  with  the  requirements  of  General  Ord^^ 
6  and  7,  series  of  1887,  and  9  of  1888,  from  Headquarters,  Corps  of  Engi- 
neers, I  have  the  honor  to  report  concerning  the  rivers  aud  harbors  in 
my  charge  that  no  additional  information  on  the  subjects  of  those  orders 
has  been  received  by  me  since  the  last  Annual  Kei)ort,  with  the  follow- 
ing exceptions: 

Certain  information  has  been  received  concerning  the  ice  piers  near 
the  mouth  of  the  Great  Kanawha  River.  Complaint  was  msule  by  Mr. 
John  Armstrong,  of  Point  l^leasant,  that  the  Kanawha  and  Ohio  Bail- 
way  (now  the  Kanawha  and  Michigan),  or  the  lessees,  were  filling  up 
the  river  at  or  near  the  right  shore  below  the  Government  ice  piers  at 
Point  Pleasant  in  connection  with  the  operation  of  a  tie  hoist  on  the 
railroad  company's  land. 

Tile  lower  ice  pier  on  that  side  is  opposite  the  lower  line  of  the  rail- 
road company's  land.  The  company  own  the  land  from  this  up  to,  and 
for  some  distance  above,  the  upper  ice  pier. 

Assistant  Engineer  Scott  went  to  see  the  situation  on  the  12th  June, 
1890,  and  reported  as  follows: 

This  tie  hoist  bns  been  in  operation  bat  a  few  months,  bat  there  was  already  a 
considerable  inat<'rial,  such  as  raft  strappings,  bark,  and  sunken  ties,  close  along  the 
shore  and  in  the  ed^e  of  the  water.  No  material  change  has  been  yet  effected,  but 
it  is  evident  that  unless  considerable  pains  is  taken  to  take  care  of  this  refuse  the  depth 
along  the  shore,  both  at  the  hoist  and  for  some  distance  below,  will  be  materially 
reduced  by  the  operation  of  it. 

It  can  in  no  case  affect  the  navigation  of  the  river.  It  may,  however,  and  Mr. 
Armstrong  chiinis  it  wiH,  reduce  the  depth  along  the  shore  enough  to  interfere  with 
the  usefulness  of  the  ice  harbor. 

I  have  recently  talked  with  the  receiver  of  the  railroad  company,  Mr.  Robert  W. 
Kelly,  about  the  matter.  He  says  it  is  the  purpose  of  the  company  to  attend  to  this; 
to  keep  the  tie  refuse  out  of  the  river,  and  not  to  let  their  landing  or  front  get  filled 
up  by  it.  It  is  plain,  however,  that  up  to  this  time  it  has  not  been  attended  to 
properly. 

It  a])pears  from  the  papers  forwarded  to  you  firom  Washington  with  the  letter  of 
May  31, 1890,  from  the  Office  of  the  Chief  of  Engineers,  that  the  railroad  company 
did  not  jbin  with  the  other  land  owners  in  the  agreement  of  September  9, 1884,  in  rei- 
ereuce  to  the  use  of  river  front  during  seasons  of  ice.  (See  Colonel  MerriU's  letter  of 
September  22, 1884,  to  the  Chief  of  Engineers.)  It  would  seem,  however,  that  this 
has  little  if  any  bearing  on  the  case  in  hand. 

A  petition  has  recently  been  circulated  (at  Mr.  Armstrong's  instance,  I  understand) 
addressed  to  you  in  refereuce  to  this  matter,  which  has  been  quite  extensively  signed 
by  river  men.    This  petition  will  probably  be  submitted  to  vou  soon. 

I  will  add  that  Mr.  Armstrong  owns  or  is  interested  in  the  land  immediately  below 
that  of  the  rjiilroad  company,  which  makes  him,  of  course,  particularly  interested 
in  this  matter,  as  filling  up  to  any  considerable  extent  along  the  shore  in  front  of 
the  company's  land  would  naturally  shoal  the  water  along  liis  fi:ont. 

The  last  information  relative  to  the  hoists,  etc.,  is  contained  in  the 
following  extract  from  a  recent  letter  of  Mr.  Scott: 

The  hoists  are  still  operated  in  about  the  same  way  as  previously  reported,  and 
Mr.  John  Armstrong,  or  Armstrong  Brothers,  still  complains  of  them.  I  oaUed  the 
attention  of  the  United  States  grand  jury  to  the  operation  of  these  hoists  "at  the  last 
term  of  the  United  States  court,  held  here  last  montn,  stating  that  Armstrong  Brothers 
had  made  complaint  about  tliem  to  this  office.  I  understand,  though  I  am  not  positively 
informed  about  it,  that  indictments  were  found  against  the  parties  who  are  oper- 
ating the  hoists,  viz,  the  Ohio  River  Bailroad  Company  and  the  Kanawha  and 
Michit;an  Railroad  Company. 

I  sh(»uld,  probably,  in  this  connection,  refer  to  the  action  of  the  United  States  grand 
jury  at  the  last  term  here  in  the  matter  of  cribs,  breakwaters,  coal  tipples,  etc.,  mainly 
connected  with  and  located  at  the  various  coal  works  on  tne  river,  nnder  the  court^ 
construction  of  the  law  of  September  19,  18i»0. 
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Indictments  were  returned  against  all  parties  or  corporations  on  the  river  who 
have  any  cribs,  breakwaters,  or  tipples,  on  the  ground  that  nothing  of  this  kind  can 
be  built  or  pennitted  to  stand  in  the  river  without  special  permission  of  the  Secre- 
tary of  War,  wliether  they  interfere  with  the  free  and  safe,  navigation  of  the  river 
or  not. 

I  wa^  summoned  before  the  grand  jury  on  this  matter  and  took  considerable 
pains  to  state  clearly  that  no  complaints  had  been  made  to  the  office  about  any  of 
these  structures ;  that  such  cribs  and  tipples  were  absolutely  necessary  for  the  load- 
ing and  holding  of  coal,  and  that  I  did  not  consider  that  any  of  them  obstructed  or 
impaired  navigation. 

The  custom  of  this  office  heretofore  in  reference  to  such  cribs  and  tipples  has  been 
to  'give  the  parties  owning  or  proposing  them  the  best  information  and  advice  at 
hand  in  regard  to  their  location  or  construction,  but  always  to  make  it  clearly  under- 
stood that  if  they  got  them  in  the  way  of  navigation  of  any  kind  or  where  they  ever 
became  the  subject  of  complaint  by  navigators  the  Government  would  take  prompt 
steps  against  the  owners  and  to  have  the  obstruction  torn  but.  There  has,  as  you 
are  informed,  been  no  trouble  with  this  plan.  I  believe  it  is  every  way  prcfei^ble 
to  the  one  now  contemplated  under  the  construction  that  seems  to  be  put  on  the  new 
law. 

Belative  to  the  Elk  Eiver  Ihe  following  is  the  situation  concerning  the 
bridges,  dams,  and  booms  previously  reported  on. 

No  change  of  importance  has  taken  place  or  been  made  in  any  of  them 
for  several  years,  and  they  remain  practically  in  the  same  condition  con- 
cerning navigation  as  reported  on  page  1599  of  Eeport,  Chief  of  Engi- 
neers, 1886.  Eeferring  particularly  U)  the  several  low  mill  dams  in  the 
river,  I  will  add  that  nothing  has  been  done  towards  the  abatement  or 
removal  of  any  of  them  under  the  law  of  February  24, 1887  (lieport  of 
Chief  of  Engineers,  1887,  pages  1923  and  1924). 

In  reference  to  the  boom  built  at  Sutton  last  year  by  the  Elk  Island 
Boom  Company  and  the  lawsuit  concerning  it  with  the  Elk  Eiver 
Boom  Company  (owners  of  the  old  boom  near  Charleston),  I  have  re- 
cently been  informed  that  the  suit  was  decided  in  favor  of  the  Elk  River 
Company  at  the  last  term  of  the  United  States  court. 

The  decision  is  that  the  act  under  which  the  Elk  Island  Company's 
boom  was  built  was  unconstitutional  on  account  of  privileges  before 
granted  to  the  Elk  River  Boom  Company.  Nothing  has  been  yet  done, 
however,  towards  altering  or  removing  the  boom  itself  and  it  continues 
to  be  the  subject  of  complaint,  as  reported  last  year,  of  sawmill  men, 
etc.,  operating  below  it. 

A  number  of  indictments  were  returned  against  parties  on  Elk  River 
owning  cribs,  booms,  etc.,  by  the  United  States  grand  jury  at  the  recent 
term  of  the  court  under  the  river  and  harbor  act  of  September  19, 1890, 
but  I  have  not  learned)  except  in  two  or  three  cases,  what  works  were 
aimed  at.  No  action  has  been  taken  yet,  so  far  as  I  am  informed,  on 
the  indictments. 

Very  respectfully,  your  obedient  servant, 

Wm.  p.  Craighill, 
Colonel^  Corps  of  Engineers. 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  UngineerSj  U,  8.  A. 


(3)  eepoet  of  captain  h.  s.  taber,  corps  of  engineers. 

United  States  Engineer  Office, 

Little  Rock,  Ark.j  July  i,  1891. 

General  :  In  accordance  with  the  requirements  of  General  Orders 
No.  9,  Headquarters,  Corps  of  Engineers,  U.  S.  Army,  Washington,  D. 
C,  dated  June  6, 1888, 1  have  the  honor  to  state  that  there  are  in  this 
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district  no  piers,  breakwaters,  locks,  dams,  or  other  structures  or  works 
built  or  made  in  the  United  ISt^ites,  in  aid  of  commerce  or  navigation, 
that  are  used,  occupied,  or  injui^d  by  a  corporation  or  an  individual, 
except  that  the  Black  Kiver,  from  Poplar  Bluff,  Mo.,  to  Coming,  Ark., 
has  beiai  morQ  or  less  obstructed  by  the  carelessness  of  loggers  in  not 
making  up  their  rafts  properly,  and  also  the  dam  on  Black  River,  a  few 
miles  below  Poplar  Bluff,  has  been  torn  out  without  doubt  by  the  use 
of  dynamite,  as  various  shattered  logs  belonging  to  the  dam  have  been 
found.    I  have  been  unable  to  ascertain  who  the  offending  i>arties  ate. 

The  question  of  the  obstruction  of  improved  rivers  by  small  rafts  of 
logs,  numbering  perhaps  from  half  a  dozen  to  a  dozen  logs,  which  are 
allowed  to  diift  at  will  without  guard,  and  sink  now  and  then,  is  be- 
coming a  serious  one  and  should  perhaps  form  a  part  of  this  report,  a8 
they  amount  to  an  injury  to  public  improvements,  although  they  do  not 
come  under  the  law  as  it  is  now  worded,  and  is  in  some  instances  of  so 
serious  a  nature  as  to  practically  nullify  the  thorough  work  of  the  snag 
boat  for  one  whole  season.  The  snag  boat  removes  the  stumps  and 
snags  from  the  channel,  and  their  places  are  promptly  taken  by  these 
logs,  which  are,  in  some  cases,  worse  to  handle  and  remove  than  the 
snags.  Some  steps  should  be  taken  to  fix  a  penalty  for  sending  rafts 
down  improved  rivers  without  guard  that  is  as  severe  and  sure  in  its 
action  as  the  penalty  imposed  u]>on  a  railroad  for  obstructing  the  river 
with  a  bridge,  as  I  believe  that  just  at  the  present  time  all  the  bridges 
together  reported  in  this  letter  do  not  hami)er  navigation  one-fifth  as 
much  as  the  sunken  rafts  and  logs. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

H.  S.  Tabeb, 
Captain  of  Engineers. 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers^  U.  8.  A, 


(4)  report  of  colonel  o.  m.  poe,  corps  op  enoineebs. 

United  States  Engineer  Office, 

Detroit,  Mich.,  July  30. 1891, 

Genek  AL :  In  accordance  with  section  4  of  the  river  and  harbor  act  of 
August  6,  1886,  and  General  Orders,  No.  9,  Headquarters,  Corps  of  En- 
gineers, June  26, 1888, 1  have  the  honor  to  report  the  following  cases 
where  "piers,  breakwaters,  etc.,"  under  my  charge  "have  been  used, 
occupied,  or  injured  by  a  corporation  or  individual''  during  the  fiscal 
year  ending  June  30,  1891. 

occupancy  of  public  lands,  etc.,  belonging  to  the  eeserva- 
tion  of  st.  marys  falls  canal,  michigan. 

First.  By  the  commissioners  of  the  board  of  water  works  of  the  vil- 
lage of  Sault  Ste.  Marie,  Mich.,  by  a  24-inch  inlet  supply  pii)e  passing 
through  the  south  canal  pier  near  the  head  of  the  canal.  The  author- 
ity for  this  occupation  is  a  "revocable  license,^  granted  by  Secretary  of 
War  William  C.  Endicott,  on  the  8th  day  of  December,  1886,  jond  ac- 
cepted by  the  commissioners  of  the  board  of  water  works  on  the  23d 
day  of  November,  1885. 
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Second.  By  the  commissioners  of  the  board  of  water  works  of  the 
village  of  Sault  Ste.  Marie,  Mich.,  by  water  mains  for  the  lise  of  said 
village,  along  the  following-described  line,  to  wit:  Beginning  at  a  i)oint 
in  the  north  line  of  Portage  street,  not  to  exceed  25  feet  distant  westerly 
along  the  north  line  of  Portage  street,  from  the  east  line  of  said  canal 
reservation,  and  extending  northerly  on  a  line  not  to  exceed  25  feet  dis- 
tant westerly  from  said  east  line  to  a  point  not  to  exceed  200  feet  ii*om 
the  north  line  of  said  Portage  street.  The  authority  for  this  occupation 
is  a  "revocable  license"  granted  by  Secretary  of  War  William  C.'Endi- 
cott  on  the  31st  day  of  July,  1886,  and  accepted  by  the  commissioner^* 
of  the  board  of  water  works  on  the  15th  day  of  July,  1886. 

Third.  By  the  Sault  Ste.  Marie  Bridge  Company  by  a  railroad  bridge 
across  the  St.  Marys  River  and  St.  Marys  Falls  Canal  at  the  rapids  of 
St.  Marys  River.  Authority  was  granted  by  an  act  of  Congress  ap- 
l>roved  July  8,  lg82,  to  said  bridge  company  to  construct  a  bridge  across 
St.  Marys  River  at  or  near  the  rapids  of  said  river  in  Chippewa  County, 
Mich.,  for  the  use  of  railroads  whose  business  crosses  or  will  cross 
the  river  at  said  locality  and  whose  lines  of  road  now  or  may  hereafter 
approach  the  river  at  that  place.  The  right  of  way  was  approved  in  an 
instrument  executed  by  Secretary  of  War  William  C.  Endicott  on  the 
2d  day  of  August,  1887,  and  the  said  right  of  way  was  accepted  by  the 
Sault  Ste.  Marie  Bridge  Company  by  James  McMillan,  its  president 
(no  date). 

Fourth.  By  the  Edison  Sault  Light  and  Power  Company  by  a  line  of 
wire  cable  across  St.  Marys  Falls  Canal  near  the  foot  of  Magazine 
street,  and  connecting  their  power-house  (situated  on  the  rapids  of  the 
St.  Marys  River)  with  the  city  of  Sault  Ste.  Marie,  Mich.  The  au- 
thority for  this  occupation  is  a  "revocable  license"  to  the  Edison 
Sault  Light  and  Power  Company  to  lay  a  wire  cable  across  the  St. 
Marys  Falls  Canal  and  the  grounds  thereof  at  the  rapids  of  the  St. 
Marys  River,  in  the  State  of  Michigan,  granted  by  Secretary  of  War 
William  C.  Endicott  on  the  2d  day  of  April,  1888,  which  instrument 
was  also  executed  by  the  Edison  Sault  Light  and  Power  Company  by 
B.  B.  Powell,  secretary  and  manager,  thereunto  lawfully  authorized,  on 
the  31st  day  of  March,  1888. 

FifUi.  By  the  Edison  Sault  Light  and  Power  Company  by  a  dam 
from  the  main  land  to  Island  No,  3,  in  the  rapids  of  the  St.  Marys 
River.  The  authority  for  this  occupation  is  a  '^revocable  license"  to 
the  Edison  Sault  Light  and  Power  Company,  a  corporation  existing 
under  the  laws  of  the  State  of  Michigan  to  erect  and  maintain  a  dam 
on  the  rapids  of  the  St.  Marys  River  between  the  mainland  and  Island 
No.  3,  granted  by  Secretary  of  W^ar  Redfield  Proctor  on  the  14th  day  of 
March,  1889.  The  license  was  accepted  by  said  company  by  C.  E.  Ains- 
worth,  president,  and  E.  S.  B.  Sutton,  secretarv,  on  the  5th  day  of 
March,  1889. 

Sixth.  By  the  city  of  Sault  Ste.  Marie,  Mich.,  by  a  sewer  outlet 
through  the  south  pier  of  St.  Marys  Falls  Canal,  Michigan,  at  the  foot 
of  River  street.  The  authority  for  the  occupation  of  this  property  is  a 
"revocable  license''  to  the  city  of  Sault  Ste.  Marie,  a  municipal  corpo- 
ration existing  under  the  laws  of  the  State  of  Michigan,  to  make  a 
sewer  outlet  through  the  United  States  canal  pier  at  the  foot  of  River 
street,  in  said  city,  granted  by  Secretary  of  War  Redfleld  Prector  on 
the  4tli  day  of  September,  1889,  and  accepted  on  the  part  of  the  city 
by  Miiyor  Otto  Fowle  on  the  21st  day  of  August,  1889. 

Seventh.  By  the  city  of  Sault  Ste.  Marie,  Mich.,  by  undergTound  con- 
nection with  St.  Hilarys  Falls  Canal,  through  an  intake  pipe  connected 
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with  tlie  city  sewerage  system  and  used  for  flushing  the  city  sewers. 
The  authority  for  this  occupation  is  a  "  revocable  license"  to  the  city  of 
Sault  Ste.  Marie,  a  municipal  corporation  existing  under  the  laws  of  the 
State  of  Michigan,  to  make  a  connection  with  the  St.  Marys  Falls  Ship 
Canal  above  the  locks  for  the  purpose  of  obtaining  an  intake  through 
which  water  may  be  drawn  from  the  canal  to  flush  the  city  sewers  of 
said  city,  but  for  no  other  purpose  whatsoever,  granted  by  Secretary  of 
War^Redfield  Proctor  on  the  19th  day  of  December,  1889,  and  accepted 
by  said  city  by  Mayor  Otto  Fowle  on  the  10th  day  of  December,  1889. 

Eighth.  By  the  city  of  Satdt  Ste.  Marie,  Mich.,  a  portion  of  the  canal 
grounds  known  as  "  Douglass  street,'^  extending  fix)m  Portage  avenue  to 
the  inclosure  of  the  caual  grounds  on  the  north  side  of  Water  street  in 
said  city.  The  authority  for  this  occupation  is  a  "revocable  license" 
to  the  city  of  Sault  Ste.  Marie,  Mich.,  a  municipal  corporation  existini;^ 
under  the  laws  of  the  State  of  Michigan  "  to  enter  upon  that  part  of  the 
land  of  the  United  States  forming  a  part  of  the  canal  grounds  which  is 
marked  ^Douglass  street'  on  a  map  attached  thereto,  for  the  following 
purx)oses  only:  To  grade  and  pave  the  same;  to  lay  water  and  sewer 
pipes  and  side  and  cross  walks;  to  place  street  lights;  to  maintain  said 
improvements  in  good  order  and  repair,  and  to  use  said  land  for  the 
purposes  of  a  highway,"  granted  by  Secretary  of  War  Redfield  Proctor 
on  the  17th  day  of  July,  1890,  and  accepted  by  Mayor  Otto  Fowle  and 
Recorder  M.  F.  McDonald,  on  behalf  of  said  city,  on  the  2d  day  of  July, 
1890. 

Ninth.  By  the  Canadian  Pacific  Railway  Company,  by  the  occupa- 
tion of  a  floor  space  4  feet  by  6  feet  in  dimensions  in  the  public  room  of 
the  oflBce  building  of  the  St.  Marys  Falls  Canal  for  the  purpose  of  main- 
taining a  branch  telegraph  office.  The  authority  for  this  occupation  is 
a  "revocable  license"  to  the  Canadian  Pacific  Railway  Company  to 
occupy  said  floor  space  for  the  pur|>ose  named,  granted  by  Acting  Secre- 
tary of  War  L.  A.  Grant  on  the  28th  day  or  October,  1890,  which  in- 
strument was  also  executed  by  the  Canadian  Pacific  Railway  Company 
by  Superintendent  James  Kent,  Canadian  Pacific  Railway's  Telegraph, 
on  the  23d  day  of  October,  1890. 

Tenth.  By  the  Western  Union  Telegraph  Company,  by  the  occupa- 
tion of  a  floor  space  4  feet  by  6  feet  in  dimensions,  in  the  northwest 
comer  of  the  public  room  of  the  office  building  of  the  St.  Marys  Falls 
Canal,  on  the  north  side  of  the  lock  of  1881,  at  Sault  Ste.  Marie,  Mich., 
for  the  purpose  of  maintaining  a  branch  telegraph  office.  The  authority 
for  this  occupation  is  a  "  revocable  license  "  to  the  Western  Union  Tele- 
graph Comi)auy  to  occupy  said  floor  space  for  the  purpose  named, 
granted  by  Acting  Secretary  of  War  L.  A.  Grant  on  the  4th  day  of 
May,  1891,  which  instrument  was  also  executed  by  the  Western  Union 
Telegraph  Company,  by  Vice  President  Thos.  T.  Eckert  and  Secretary 
A.  R.  Brewer,  on  the  16th  day  of  April,  1891. 

Eleventh.  By  the  city  of  Sault  Ste.  Marie,  Mich.,  by  a  storm- water 
sewer  outlet  through  the  south  pier  of  St. Marys  Falls  Canal,  Michigan, 
at  the  foot  of  River  street.  The  authority  for  the  occupation  of  this 
property  is  a  "  revocable  license "  to  the  city  of  Sault  Ste.  Marie,  a 
municipal  corporation  existing  under  the  laws  of  the  State  of  Michigan, 
to  make,  maintain,  and  use  said  sewer  outlet  as  shown  on  atta<che<l 
plans,  granted  by  Assistant  Secretary  of  War  L.  A.  Grant  on  the  llth 
day  of  June,  1891,  and  accepted  by  said  city  by  Mayor  George  W.  Brown 
on  the  2()th  day  of  May,  1891. 

Twelfth,  By  Edward  O-shaw-a-no,  Island  No.  5  in  the  Rapids  of  St. 
Marj^s  River,  as  ^  dwelling  place,    ^o  authority  for  this  occupation. 
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Proceedings  to  evict  said  O-shaw-a-no  were  iuKtihited  and  in  July,  1890, 
the  case  was  decided  in  favor  of  the  United  States.  Tlie  defendant  has 
by  law  3  years,  or  until  July,  1893,  in  which  to  pay  costs  and  take  a 
new  trial,  and  it  is  understood  that  he  proposes  to  do  this. 

LANDS  OCCUPIED  BY  U.  S.  LiaHT-HOUSE  ESTABLISHMENT. 

The  United  States  Light-House  Establishment  occupies  as  site  for 
light-keeper's  dwelling  a  portion  of  the  St.  Marys  Falls  Canal  grounds 
100  feet  by  200  feet  extending  from  the  south  bank  of  the  canal  S)  Canal 
street  in  the  city  of  Sault  Ste.  Marie,  Mich.,  and  just  west  of  the  prin- 
cipal meridian  of  Michigan;  the  authority  for  this  occupation  being  a 
letter  of  Secretary  of  War  William  C.  Endicott,  dated  Maich  25, 1885, 
■and  being  terminable  at  pleasure  of  the  War  Department;  also  the  ex- 
treme end  of  the  southwest  canal  pier,  by  a  lighthouse,  and  a  portion  of 
the  northwest  pier  by  a  range  light;  authority  by  act  of  Congress,  dated 
March  3,  1879. 

The  United  States  Light-House  Establishment  also  occupies  the  lower, 
and  upper  ends  of  the  west  pier  of  the  St.  Clair  Flats  Ship  Canal  by 
light-houses.  Authority  by  acts  of  Congress  dated  July  28,  1866,  and 
March  3, 1871 ;  also  the  breakwater  at  harbor  of  refuge  at  Sand  Beach, 
Mich.,  by  lights  on  the  east  and  west  side  of  the  north  entrance,  a 
light  on  the  south  side  of  the  east  entrance,  and  a  light  inside  of  the 
harbor  on  a  separate  crib  near  the  north  side  of  the  east  entrance.  The 
lights  on  the  breakwater  were  originally  erected  and  maintained  by  the 
Engineer  Department  and  transferred  to  the  Light- House  Establish- 
ment under  authority  from  the  Secretary  of  War,  dated  April  18, 1885; 
also  a  light  on  the  north  pier  at  the  mouth  of  the  Au  Sable  Kiver,  Mich- 
igan. Authority  by  acts  of  Congress  dated  June  10,  1872,  and  March 
3, 1873. 

INJUEIES  TO  PIEES,  ETC.,  OF  ST.  MARYS- FALLS  CANAL,  MICHIGAN. 

On  June  6,  1891,  the  steamer  W.  JET.  Oratwick,  bound  down,  while 
being  placed  in  position  in  the  lock,  through  a  mistake  of  the  engineer 
in  answering  signals,  ran  into  the  lower  gate,  strikuig  the  north  leaf 
about  4  feet  from  the  miter  post,  burying  her  stem  into  the  pine  fender 
of  the  upper  girder,  and  crushing  the  sheathing  for  the  width  of  the 
stem  and  for  about  6  feet  vertically.  Fortunately  the  blow  was  re- 
ceived in  a  strong  part  of  the  leaf,  otherwise  very  serious  damage  might 
have  occurred.  As  it  is,  the  life  of  the  gate  was  shortened  by  the  blow. 
A  bill  for  $30,  the  estimated  cost  of  repairs,  was  sent  to  the  owner,  Mr. 
W.  H.  Gratwick,  of  Buffalo,  N.  Y.,  and  was  duly  paid  and  deposited  to 
the  credit  of  the  Treasurer  of  the  United  States. 

On  June  14,  1891,  tlie  steamer  ^.  (7.  Pope,  bound  up,  ran  into  the 
west  end  of  the  Merchants'  Dock,  adjoining  the  canal  pier,  and  broke 
some  of  the  superstructure  timbers  of  the  pier.  A  bill  for  $44.76,  t\m 
estimated  cost  of  repairs,  was  presented  to  the  owners,  the  Dry  Dock 
Navigation  Company,  Mr.  Gilbert  McMillan,  secretary,  but  so  far  the 
amount  has  not  been  paid. 

INJURY  TO  PIEES,   ETC.,  PIORTAINING  TO  SAGINAW  RIVER  IMPROVE- 

M1:NT,  MICHIGAN. 

On  July  29, 1890,  a  ftre  broke  out  in  the  lumber  yards  in  the  vicinity  of 
the  CarroUton  revetment,  extended  to  various  mills,  etc.,  and  wrought 
great  destruction.     Among  other  structures  the  revetment  suffered 
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severely.  Over  2,000  linear  feet  of  superatructure  were  destroyed, 
leaving  but  2  to  3  i'i^et  of  piling  al)ove  water,  and  reducing  somewhat 
the  height  of  the  filling  of  slabs,  stone,  and  clay.  Three  fire  tugs  as- 
sisted in  checking  the  flames,  $294  being  paid  for  their  services. 

On  November  25, 1890,  another  fire  broke  out  in  the  revetment^,  but 
was  promptly  extinguished  before  much  damage  was  done,  $16  being 
paid  for  the  services  of  a  fire  tug.  The  estimated  cost  of  repairing  the 
damage  done  by  these  two  fires  is  ?!<0,000. 

INJUR  y    TO  PIERS,  ETC.,  OF  ST.  CLAIR  FLATS  CANAL,  MICHiaAN. 

On  May  18, 1891,  the  steam  barge  Olengarry^  being  disabled  and  in 
tow  of  the  tug  Onnpingj  ran  into  the  end  of  the  west  pier  and  did  $50 
damage.  A  bill  for  this  amount  was  sent  to  the  owners,  the  Montreal 
Transportation  Company,  and  was  promply  paid  and  dei>osit^  to  tlie 
credit  of  the  Treasurer  of  the  United  States. 

Xo  further  use,  occui)ation,  or  iiyury  to  works  in  my  charge  than 
those  above  reported  are  known  to  have  occurred  during  the  fiscal  year 
ending  June  30, 1891. 

Very  respectfully,  your  obedient  servant, 

O.  M.  PoE, 
Golonelj  Corps  of  Ungin^erSy 
Bvt.  Brig.  General^  U.  8.  A. 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineer 8y  TJ.  8.  A. 


(5)  report  of  major  amos  stickney,  corps  of  engineers. 

United  States  Engineer  Office, 

Buffalo,  y.  r.,  July  9j  1891. 

General:  I  have  the  honor  to  report  the  cases  in  wliich  piers, 
breakwaters,  lock  and  dams,  or  other  stiuctures  or  works  built  or  made 
by  the  United  States  in  aid  of  commerce  or  navigation,  which  were  used, 
oc(ii]>ied,  or  injured,  by  a  corporation  or  an  individual,  and  extent  and 
mode  of  such  use,  oc<*iipati()ii,  or  injury  in  the  district  under  my  charge, 
during  the  fiscal  year  ending  June  30, 1891,  as  follows: 

The  north  pier,  harbor  at  Buffalo,  N.  ¥.,  is  occupied  by  the  Delaware, 
Lackawanna  and  Western  Kailway  Company.  It  is  covered  with  tres- 
tlowork  for  handling  coal.  This  occupation  was  by  license  of  the  Sec- 
retary of  War  up  to  February  20,  1891,  on  which  date  the  liciipse  was 
revoked.  The  occupation  has  continued  since  the  revocation  of  the 
license  and  still  continues.  It  is  understood  that  the  Department  of 
fJustice  now  has  the  matter  in  hand. 

V(*ry  rcsi)ectfully,  your  obedient  servant, 

Amos  Sticknby, 
Major  of  Engineers. 

Jliig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers,  U.  8.  A. 
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(6)  report  of  lieutenant-colonel  w.  h.  h.  benyaurd,  corps  op 

engineers. 

United  States  Engineer  Office, 

8(m  Franciscoj  Cal.j  July  1^  1891. 

General  :  I  have  the  honor  to  report  that  there  are  no  cases  within 
my  district  in  which  works  built  or  made  by  the  United  States  in  aid  of 
commerce  or  navigation  are  occupied  by  corporations  or  individuals 
other  than  that  reported  iq  my  letter  to  the  Department  of  March  25, 
1891,  in  regard  to  the  occupation  of  the  levee  at  Old  Town,  Cal.,  by 
the  Southern  California  Bailway. 

Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 
Lieut  Colonelj  Corps  of  Engineers. 
Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers^  U.  S,  A. 


LETTER  OF  LIEUTENANT-COLONEL  W.  H.  H.  BENYAURD,  CORPS  OF  EN- 
GINEERS. 

United  States  Engineer  Office, 
^  San  Francisco^  Cal.,  March  25,  1891. 

General:  I  have  the  honor  to  present  the  following  report  ui)on  the 
occupation  by  the  Southern  California  Railway  Company  of  the  levee 
built  by  the  Government  at  Old  Town,  Cal.,  as  called  for  by  your  in- 
dorsement on  the  letter  of  Britton  &  Grav  herewith. 

The  levee  in  question  was  built  by  the  Government  in  1876  for  the  pur- 
pose of  diverting  the  San  Diego  River,  and  causing  it  to  flow  into  False 
Bay  instead  of  San  Diego  Bay,  which  was  being  injured  by  the  detritus 
brought  down  in  flood  stages.  It  extends  from  Presidio  Hill  to  tlie 
northerly  end  of  Point  Loma,  and  is  in  length  about  7,700  feet.  The  land 
upon  which  it  is  built  is  the  property  of  the  Government.  As  shown 
on  the  enclosed  triu;ing,*  marked  B,  the  Southern  California  Railway 
Company  has  (without  authority)  taken  possession  of  about  1,100  feet 
of  the  easterly  end  of  the  levee  by  a  spur  running  from  its  main  line. 
It  is  not  an  absolute  necessity  that  the  levee  should  be  used  in  order  to 
reach  the  pumping  works  (situated  still  further  to  the  eastward)  as  the 
spur  could  leave  the  main  track  at  a  point  further  south  than  it  does  at 
present  and  only  cut  the  levee  near  its  easterly  end.  The  occupation 
of  the  stretch  of  levee  in  question  is,  however,  a  decided  convenience  to 
the  railroad  company.  ,  ^   . 

The  levee  is  strongly  built  (being  23  feet  thick  on  top  and  heavily  re- 
vetted with  stone  on  the  river  slope),  and  has  withstood  the  floods  of 
the  San  Diego  River  without  injury  for  15  years,  and  while  such  occu- 
pation may  be  of  advantage  to  the  levee,  in  causing  the  railroad  com- 
pany to  care  for  it  and  the  road  in  case  of  threatened  danger,  it  is  con- 
sidered that  the  structure  is  sufliciently  strong  to  withstand  floods. 
Small  appropriations  are  made  by  the  Government  from  time  to  time, 
and  are  expended  in  keeping  the  st<me  revetment  and  levee  in  good 
condition. 

The  question,  however,  is  not  as  to  the  advantage  or  disadvantage  of 
the  occupation  of  the  levee  by  the  railroad  company,  but  whether  such 

*  Not  printed, 
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occupation  is  in  violation  of  section  9  of  the  river  and  harbor  act  of 
September  19,  1890.  Considering  that  such  was  the  case,  the  attention 
of  the  officials  managing  the  road  was  called  to  that  fact,  with  re<iaest 
that  steps  be  taken  to  vacate  the  levee.  While  section  11  of  the  act 
requires  the  proceedings  to  be  conducted  through  the  Law  Department 
of  tlie  Government,  it  was  decided  to  communicate  first  with  the  rail- 
road officials,  which  was  done.  The  company  desired  to  enter  into  some 
agi'eement  by  which  the  tracks  could  be  allowed  to  remain  upon  the 
levee,  with  the  understanding  that  the  latter  should  be  kept  in  good 
condition,  which  request  I  had  no  authority  to  grant. 

The  levee  was  built  and  is  maintained  simply  for  the  purpose  of  pre- 
venting the  San  Diego  River  from  returning  to  its  former  bed  near  Old 
Town,  and  emptying  into  San  Diego  Bay.  Its  usefulness  is  not  de- 
stroyed nor  impaired  by  the  tracks  of  the  raUroad  company  being  laid 
upon  it. 

I  see  no  objection  to  allowing  the  railroad  company  to  occupy  that 
portion  of  the  levee  in  question,  with  the  understanding  that  it  shall  be 
kept  in  good  condition,  and  shall  be  vacated  when  desired  by  the  Gov- 
ernment. 

Very  respectftilly,  your  obedient  servant, 

W.  H.  H.  Benvattrd, 
Lieutenant- Colonel^  Corps  of  Engineer%. 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  EngineerSy  U.  S.  A. 


APPENDIX  D  D  D. 


MAINTENANCE  AND  REPAIRS  OF  WASHINGTON  AQUEDUCT— WATER  SUP^ 
PLY,  DISTRICT  OF  COLUMBIA— INCREASING  THE  WATER  SUPPLY  OF 
WASHINGTON,  DISTRICT  OF  COLUMBIA— ERECTION  OF  FISHWAYS  AT 
GREAT  FALLS. 


REPORT  OF  LIEUTENANT  COLONEL  GEORGE  B.  ELLIOT,  CORPS  OF  ENGI- 
NEERS, OFFICER  IN  CHARGE,  FOR   THE  FISCAL  YEAR  ENDING  JUNE 

SO,  1891, 


1.  Washington  Aqueduct. 

2.  Water  supply,  District  of  Columbia. 


3.  Iiicroasiiig  the  water  supply  of  Wash- 

ington, 1).  C. 

4.  Erection  of  fishways  at  Great  Falls. 


Office  of  the  Washington  Aqueduct, 

Wmhington^  D.  C,^  July  9y  1891, 

General:  I  have  the  honor  to  transmit  herewith  report  of  oper- 
ations for  the  following  wwks  in  my  charge  for  the  fiscal  year  ending 
June  30,  1891,  viz : 
Washington  Aqueduct. 
Water  supply,  District  of  Columbia. 
Increasing  the  water  supply  of  Washington,  D.  C. 
Erection  of  fishways  at  Great  Falls. 

Very  respectfully,  your  obedient  servant. 

George  H.  Elliot, 
Lieutenant  Colonel  of  Engineers. 
Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  EngineerSy  U.  8.  A, 


DDDi. 


WASHINGTON  AQUEDUCT. 

Appropriations  for  the  Washington  Aqueduct  are  applied  to  the  im- 
provement, the  maintenance,  and  repair  of  those  portions  of  the  Washing- 
ton water  supply,  other  than  the  tunnel,  that  have  been  placed  under 
the  supervision  of  the  Chief  of  Engineers.  The  works  include  the 
masonry  dam,  2,877  feet  long,  extending  from  the  Maryland  to  the  Vir- 
ginia shore  at  Great  Falls  of  the  Potomac,  14  miles  west  of  Washington ; 
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the  works  at  Great  Falls  for  regulating  the  supply  to  the  conduit;  the 
conduit  fipom  Great  Falls,  0  feet  in  diameter;  the 3  reservoirs j  viz,  the 
receiving  reservoir,  about  4i  miles  from  the  city;  the  distributing  reser- 
voir, about  2  miles  west  of  the  city;  and  the  high-service  reservoir  in 
Georgetown  for  the  supply  of  the  higher  portions  of  that  city;  the  mains 
by  which  the  water  is  carried  from  the  reservoirs  and  deliveixKl  into  the 
city's  distributing  system,  and  the  bridges  for  supporting  the  mains 
across  Eock  Creek. 

The  work  of  repairing  the  damage  to  the  dam  at  Great  Falls  done  in 
the  great  flood  of  June  2,  1889,  was  completed  early  in  the  year.  The^ 
flood  carried  away  the  15-inch  coinng  course  and  part  of  the  next  lower 
course,  from  a  total  length  of  1,103  feet  or  347  feet  from  the  dam  a<5ross 
the  Maryland  channel,  and  756  feet  from  the  dam  across  the  Virginia 
channel.  The  work  of  repair  commenced  June  6, 1889,  and,  as  the  con- 
dition of  the  river  would  allow  (except  after  the  end  of  the  last  fiscal 
year  while  waiting  for  the  new  appropriation),  it  was  steadily  and  ener- 
getically carried  on  under  the  supervision  of  Thomas  Sullivan,  the 
watchman  gate-keeper  of  the  division,  who,  as  on  other  occasions  of  need, 
showed  excellent  talent  as  a  foreman.  By  means  of  divers,  all  of  the 
coping  except  16  pieces  was  recovered  from  the  deep  water  below  the 
dam.  On  account  of  the  destruction  of  the  Chesapeake  and  Ohio  Canal 
in  the  same  flood,  it  was  im]>ossible  to  replace  the  lost  pieces,  except  by 
taking  a  portion  of  the  coping  from  the  Virginia  end  of  the  dam,  and 
from  the  portion  of  the  dam  that  crosses  Conns  Island  (in  both  of  which 
places  the  dam  is  not  so  much  exposed  in  time  of  floods),  and  replacing 
it  with  concrete.  In  the  original  construction  of  the  dam  the  coping 
bolts  were  too  short  and  without  heads,  and  this  was  the  cause  of  the 
disaster.  The  replaced  coping  is  fastened  in  place  by  bolts  5  feet  long 
with  heads,  and  split,  and  driven  on  wedges.  The  cost  of  repair  was 
about  $9,000. 

Early  in  July  I  found  that  I  was  not  able  to  keep  the  water  in  the 
distributing  reservoir  up  to  its  proper  height,  and  it  was  evident  that 
there  was  something  wrong  in  the  conduit,  either  in  the  feeder  at  its 
head  or  in  one  of  the  numerous  tunnels  along  its  route.  I  had  an  ex- 
amination made  at  the  former  place,  and  the  river  being  exceptionally 
low,  there  was  head  room  in  the  conduit  sufficient  to  enable  the  watch- 
man to  pass  through  it  in  a  boat  lowered  down  to  the  water  in  the  gate 
house,  from  the  gate  house  to  the  inlet  from  the  river.  It  was  found  to 
be  about  half  fuU  of  deposits  (logs,  stumps,  gravel,  and  mud),  that  must 
have  gotten  in  in  the  flood  just  mentioned.  The  upprer  portion  of  the 
conduit  was  drained  by  putting  do^vn  the  stop  timbers  above  the  mouth 
of  the  inlet  from  the  river,  and  raising  those  of  the  waste  below  the  . 
mouth.  The  water  in  the  reservoirs  was  held  back  by  putting  down 
the  stop  timbers  at  the  "north  connecition"  of  the  receiving  reservoir. 
The  work  of  cleaning  out  the  feeder  of  the  conduit  was  sorted  at  10 
o'clock  a.  m.  on  the  21st  of  July,  and  carried  on  with  a  force  of  32  men 
without  stopping  until  12  oclock  noon  of  the  22d.  v  Everything  had  then 
been  removed,  except  about  6  inches  of  very  soft  material,  and  this  was 
gotten  rid  of  by  flushing  the  conduit  by  letting  water  in  from  tlie  river 
and  wasting  it  at  waste  weir  No.  1.  The  length  of  the  feeder,  or  the 
distance  cleaned  out,  was  272  feet,  The  depth  of  the  deposit  was  from 
3  to  6  feet.  The  heaviest  part  of  it  was  about  15  feet  in  from  the  mouth 
of  the  feeder.  It  was  about  6  feet  in  depth  for  a  distance  of  about  15 
feet  and  composed  of  mud,  sand,  sticks,  and  roots  packed  solidly.  Just 
at  the  mouth  of  the  feeder  was  found  au  old  locust  stump  about  2  feet 
in  diameter,  the  roots  of  wliicli  spread  out  to  a  diameter  of  10  feet.     In 
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the  gate  house  was  found  a  log  about  2  feet  in  diameter  and  about  6 
feet  long.  While  the  water  was  drawn  from  the  conduit  I  had  the  con- 
duit carefully  inspected  from  the  gate  house  to  culvert  No.  2,  a  distance 
of  9,300  feet.  From  6  inches  to  8  inches  of  sediment  was  found  at  the 
bottom  of  the  conduit,  but  no  obstruction  except  a  telegraph  pole  about 
20  feet -long,  which  was  found  below  Waste  weir  No.  1.  This  and  the 
debris  found  in  the  feeder  to  the  conduit  were  doubtless  drawn  in  from 
the  river  during  the  flood  of  1889,  and  they  show  the  danger  to  which  the 
head  of  the  conduit  is  subject  in  such  floods. 

On  the  12th  of  September,  when  the  water  was  turned  on  the  12-inch 
main  between  the  reservoir  and  Foundry  Branch,  which  main  had  been 
used  as  a  drain  during  the  construction  of  the  48-inch  auxiliary  connec- 
tion,there  was  found  to  be  almost  a  complete  stoppage  of  the  flow  between 
the  reservoir  and  Foundry  Branch.  The  water  was  at  once  shut  com- 
pletely off  between  Foundry  Branch  and  the  reservoir,  and  the  high  serv^- 
ic^  reservoir  in  Georgetown  was  supplied  from  the  cross  connection  from 
the  30-inch  main  at  Foundry  Branch.  On  making  an  examination  of 
the  main  there  was  found  to  be  some  small  obstructions  just  above  the 
blow-off  at  Foundry  Branch,  which  were  removed,  but  their  removal 
did  not  relieve  the  main.  Repeated  emptyings  and  fillings  of  the  maiit 
and  every  expedient  that  could  be  thought  of  were  used  to  locate  and 
remove  the  difficulty,  but  it  was  December  before  I  could  obtain  the  full 
flow  of  the  main.  The  obstruction,  if  it  was  solid,  may  have  passed  out 
into  Foundry  Branch  through  the  blow-off  at  night,  or  at  some  other 
time  when  it  was  not  seen,  or,  as  a  portion  of  this  part  of  the  main  is  above 
the  hydraulic  mean  gradient,  it  may  hnve  been  an  accumulation  of  air. 

The  numerous  trees  growing  over  and  near  the  conduit  between 
Great  Falls  and  the  receiving  reservoir,  especially  between  the  former 
•and  the  "Club  House,''  endangered  tlie  conduit  by  the  penetration  of 
their  roots  into  the  joints  of  the  arch.  A  notable  example  of  this 
danger  was  found  when  the  upper  portion  of  the  conduit  was  drained 
and  examined  at  the  time  of  the  cleaning  out  of  the  feeder  to  the  con- 
duit at  Great  Falls.  I  therefore  caused  all  of  these  trees  to  be  cut 
down,  saving  the  trunks  of  such  as  were  suitable  for  posts  for  use  in 
fencing  the  aqueduct  lands. 

A  brick  storehouse  40  feet  by  20  feet  in  area  has  been  constructed 
at  the  distributing  reservoir  for  the  storage  of  t-ools  and  materials  for 
repairs  on  that  division  of  the  aqueduct,  and  it  is  proposed,  during  the 
next  fiscal  year,  to  erect  a  similar  one  at  Great  Falls  for  the  upper  (fivis- 
ion.  The  old  office  building  at  the  receiving  reservoir  has  been  put  in 
repair  to  serve  the  same  purpose  on  the  receiving  reservoir  division. 

Strong  guard  fences  have  been  built  on  the  sides  of  the  Conduit  road 
at  the  dam  at  the  receiving  reservoir  and  at  the  high  embankm^ents  at 
the  culverts  and  other  places  between  the  distributing  reservoir  and 
the  receiving  reservoir.  These  were  made  necessary  by  the  great  in- 
crease of  travel  on  the  Conduit  road  and  the  danger  of  accidents,  espe- 
cially at  night.  Four  thousand  two  hundred  and  sixty-six  feet  of  tlies(*. 
fences  were  built  during  the  flscal  year,  and  it  is  proposed  during  the 
next  fiscal  year,  as  funds  will  allow,  to  protect  the  embankments  farther 
up  the  line. 

The  road  between  the  "Club  House''  and  Great  Falls  is  the  only 
route  of  communication  with  the  falls,  but  it  is  almost  impassable  in 
winter.  It  does  not  follow  the  line  of  the  conduit,  but  it  was  con- 
structed for  aqueduct  purposes  and  is  owned  by  the  United  States. 
With  the  cooperation  of  the  farmers,  who  also  use  the  road,  I  have 
macadamized  a  length  of  1,548  feet  and  a  width  of  10  feet  on  the  worst 
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portion  of  the  road,  and  hope  to  be  able  to  improve  more  of  it  during 
the  next  fiscal  year. 

There  being  no  jilace  inside  the  gate  house  at  Great  Falls  where  the 
height  of  water  could  be  measured,  I  have  uncovered  manhole  No.l,  which 
is  about  450  feet  below  the  gate  house;  removed  the  stone-slab  cover; 
curried  up  the  wall  of  the  manhble  to  the  surface  of  the  ground-  (7  feet 
S  inches  from  the  crown  of  the  arch),  and  have  placed  on  the  manhole 
Jin  iron  cover,  through  which,  by  means  of  a  rod  graduated  with  refer- 
ence to  the  top  of  the  dam  (148),  the  height  of  water  can  be  measuTe<l 
and  reported  every  morning  with  the  other  reports  and  at  any  other 
times  desired. 

A  new  "curtain''  screen  for  the  screen  house  at  the  distributing  reser- 
voir was  completed  during  the  year.  It  is  of  copper  wire,  f-inch  me^h, 
in  two  sections,  30  feet  long  by  13  feet  3  inches  wide  each,  which  pass 
over  a  drum  sup])orted  on  the  floor  of  the  screen  house.  It  is  balancetl 
by  counter  wciglits  and  is  operated  without  difficulty  by  the  watch- 
man and  one  assistant. 

In  August  a  survey  was  made  of  the  lands  owned  by  the  Unite<l 
States  between  Foundry  Branch  and  the  distributing  reservoir.  There 
Vas  found  to  be  five  cases  where  parties  owning  the  adjoining  land 
have  built  fences  on  the  lands  of  the  United  States,  and  five  cases 
where  private  improvements  were  found  to  encroach  on  these  lands, 
and  a  report  was  made  thereon.  I  have  recently  obtained  your  author 
ity  to  employ  tlie  District  surveyor  to  make  an  accurate  survey  of  the 
lands  surrounding  the  receiving  reservoir.  The  survey  has  been  com- 
pleted and  the  lines  will  be  permanently  marked.  During  the  nest 
fiscal  year  it  is  proposed  to  continue  the  surveys  of  the  lines  of  th«' 
a(iueduct  lands  and  to  place  boundary  stones  at  all  the  angles  where 
they  are  missing. 

With  the  approval  of  the  Secretary  of  War,  I  have  turned  over  to 
the  Commissioners  of  the  District  of  Columbia,  for  care  and  maint(*- 
nance,  131  valves  which  were  placed  on  the  outlets  from  the  48-inch 
main  and  the  connecting  mains  recently  laid  under  the  act  of  March  2, 
1889,  for  controlling  the  sup])ly  of  water  from  these  mains  to  the  Dis- 
trict's distributing  mains.  The  other  valves  on  the  former  mains,  98 
in  number,  consisting  of  main  valves,  blow-off  valves,  large  air  valves, 
vacuum  valves,  and  small  constant  air  valves,  in  addition  to  the  valves 
on  the  old  mains,  remain  under  the  care  of  this  office. 

A  contract  has  been  made  for  the  delivery  of  five  iron  pillar  cranes 
for  handling  the  stop  timbers  on  the  line  of  the  aqueduct,  viz,  one  at 
the  cut  through  the  cross  dam  at  the  distributing  reservoir,  one  at  the 
influent  and  one  at  the  effluent  chamber  of  the  receiving  reservoir,  one 
at  the  intake  of  the  conduit  at  Great  Falls,  and  one  at  the  waste  into 
the  river  from  the  forebay  at  the  same  i)lace.  Some  of  these  stop  tim- 
bers are  16  feet  long  and  1  foot  square,  and  without  machinery  they 
require  so  many  men  to  lift  them  when  watersoaked  that  in  case  of 
sudden  requirement  of  their  use  at  night  serious  consequences  are 
liable  to  result  from  delay  in  procuring  assistance. 

The  opening  from  conduit  tunnel  No.  1  at  waste  weir  No.  1,  near  the 
head  of  the  conduit,  one  of  the  most  important  of  the  waste  weirs,  is 
exposed  to  an  inflow  from  the  river  in  great  floods  like  that  of  June, 
1889,  when  tljo  river  rose  75  feet  at  this  point,  and  to  an  indraft  of 
logs  and  other  driftwood,  which  endangers  the  conduit  and  the  supply 
of  water  to  the  city.  The  valve,  a  butterfly  valve,  set  in  the  masonry 
of  the  weir,  leaks  and  should  be  replaced  or  repaired.  It  was  intended 
to  make  the  required  repairs  and  alterations  at  this  place  during  the 
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last  fiscal  year,  but  as  it  is  impossible  to  get  materials  for  the  purpose 
to  the  weir,  except  by  the  Chesapeake  and  Ohio  Canal,  the  work  has 
been  postponed  until  the  next  fiscal  year,  when,  it  is  expected,  the 
canal  will  again  be  in  oi)eration. 

There  is  a  leak  in  the  conduit  at  the  upper  end  of  Cabin  John  Bridge. 
I  have  had  it  measured  repeatedly,  audit  does  not  now  seem  to  be  increas- 
ing, but,  although  it  is  not  large  (it  is  about  40,000  gallons  a  day),  it 
may  in  time,  if  allowed  to  continue,  undermine  the  conduit.  In  order  to 
repair  it  the  conduit  will  have  to  be  emptied  the  entire  distance  from 
Great  Falls  to  the  receiving  reservoir,  and  I  propose  at  the  time  of  the 
repair  to  take  advantage  of  the  opportunity  and  have  the  interior  of 
the  conduit  inspected  from  one  end  to  the  other.  On  account  of  the 
coldness,  earlier,  of  the  water  that  will  remain  in  the  tunnels  through 
which  the  men  will  have  to  wade,  and  for  the  reason,  also,  that  the  con- 
duit can  not  be  emptied  until  the  repairs  of  the  Chesapeake  and  Ohio 
Canal,  which  are  now  in  progress,  are  completed,  neither  the  repairs  of 
the  conduit  nor  the  inspection  can  probably  be  made  before  August  or 
September. 

The  tar  pavement  of  the  roadway  over  Cabin  John  Bridge  is  badly 
worn  in  holes,  which  I  have  had  filled  with  gravel.  The  travel  over 
the  bridge  is  very  great,  and  I  have  tried  to  get  the  contractors  for 
such  pavements  to  resurface  the  bridge,  but  they  have  been  too  busy  in 
the  city  and  my  work  is  too  far  from  town.  I  have  therefore  come  to 
the  conclusion  to  pave  the  bridge  with  granite  blocks  which,  in  order 
not  to  reduce  too  much  the  rather  small  height  of  the  parapets,  will  be 
of  shallower  depth  than  used  for  street  work. 

I  have  recently  obtained  the  details  of  a  patented  device  for  tapping 
with  tapvS,up  to  12  inches  in  diameter,  large  mains  under  pressure;  that 
is,  the  shutting  off  of  the  water  which  is  always  a  source  of  anxiety  on 
account  of  the  danger  in  case  of  fire  in  the  district  supplied  by  the  main, 
can  be  avoided  when  the  main  is  tapped.  In  my  rei)ort  for  the  last  fis- 
cal year  I  mentioned  a  great  deficiency  of  air  valves  and  blow-offs  on 
the  old  mains,  which  I  hope  to  supply  during  the  next  fiscal  year  by  the 
use  of  this  device. 

In  the  act  of  August  6, 1890,  making  appropriations  for  the  Washing- 
ton Aqueduct,  the  sum  of  $4,000  was  appropriated  for  the  purchase  of 
5  acres  of  land  near  the  distributing  reservoir,  and  $1,500  was  appro- 
priated for  the  improvement  of  this  land.  Pursuant  to  the  approval 
of  the  Chief  of  Engineers,  I  wrote  to  the  trustees  of  the  owners  of  the 
land  asking  the  price  at  which  they  would  sell,  and  was  informed  in  re- 
ply that  $3,000  per  acre  was  their  lowest  price.  When  I  made  the  re- 
port of  DcQcmber  26, 1889,  on  which  the  appropriation  was  based,  I  had 
been  informed  that  land  in  the  vicinity  had  recently  been  sold  for  $600 
an  acre,  and  stated  that  I  did  not  believ'e  that  a  jury  of  condemnation 
would  assess  the  value  of  this  land  at  more  than  $800  an  acre,  if  as 
much,  but  the  success  of  the  owners  of  the  Glen  Echo  property  this 
side  of  Cabin  John  Bridge  very  much  inflated  afterwards  the  asking 
prices  of  all  the  land  everywhere  along  the  Conduit  Road.  I  reported 
the  result  of  my  correspondence  to  the  Chief  of  Engineers  and  stated 
the  improbability  of  obtaining  the  land  by  condemnation  at  any  price 
within  the  amount  of  the  appropriation.  Fortunately  the  "  Drovers' 
Best  Cattle  Marked  has  been  discontinued  and  all  of  tlie  buildings  and 
fences  have  been  removed,  so  that  the  necessity  of  the  purchase  no 
longer  exists,  although  it  would  be  desirable  for  the  United  States  to 
own  the  entire  frontage  on  the  northerly  side  of  the  Conduit  Koad  op 
posite  the  distributing  reservoir. 
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Ninety  shade  tiees, alternate  lindens  and  tiilip  trees,  kindly  i^misbed 
for  the  purpose  by  Colonel  Ernst,  Ooijunissioner  of  Public  Bulldingrs 
and  Grounds,  were  i)lanted  on  the  Conduit  Road  opposite  the  distribnt- 
in^  reservoir  and  in  the  grounds  of  this  reservoir.  All  of  them  not  in- 
side the  fences  were  protected  by  tree  boxes. 

There  have  been  no  breaks  or  any  serious  leaks  in  any  of  the  mains 
during  the  last  fiscal  year.  On  the  M  street  iron  aqueduct  bridge  there 
have  been  small  "weepings"  from  the  joints  of  the  48-inch  main  and 
also  at  a  few  other  points,  but  they  have  in  every  case  been  readily 
sro])ped  in  a  few  minutes  by  the  aqueduct  machinist.  In  order  to  pro- 
vide for  the  expansion  and  contraction  of  the  bridge,  its  eastern  end 
was  made  a  movable  end,  sliding  on  an  iron  plate  set  on  the  abutment 
of  the  bridge,  but  the  main  itself  can  not  adapt  itself  to  changes  of 
temp(*rature  except  as  is  allowed  by  the  lead  joints  of  the  main,  and 
this  doubtless  accounts  for  the  small  leaks  that,  at  extreme  tempera- 
tures, are  observed  in  the  portions  of  the  main  supported  by  the  bridge. 
Being  under  the  north  sidewalk  of  the  M  Street  highway  bridge,  tiie 
main  is  always  in  shade  and  is  favorably  situated  in  respect  of  changes 
in  the  temperature  of  the  air,  ^6  that  in  fact  the  temperature  of  the  iron 
of  the  main  is  mainly  governed  by  the  temperature  of  the  water  passing 
through  the  main,  and,  as  I  have  found  by  several  experiments,  it  is 
always  about  the  same  as  that  of  the  water  in  the  distributing  reser- 
voir. 

I  found  the  bank  of  Rock  Creek  wearing  so  much  under  the  action  of 
the  20  hich  blow-off  from  the  48-inch  main  which  passes  out  throngh 
the  west  wing  wall  of  the  M  street  highway  bridge,  that  it  would  en- 
danger the  foimdation  of  the  wall,  and  I  constructed  a  large  flame  of 
lumber  to  carry  the  outflow  from  the  blow-off  to  the  creek.  It  serves 
the  purpose  temporarily,  but  it  will  be  necessary  to  extend  the  pipe  out- 
let from  the  blow-off  to  the  edge  of  the  creek,  and  it  is  proposed  to  do 
this  in  the  next  fiscal  year. 

The  construction  of  the  cable  railway  of  the  Washington  and  Gteorge- 
t^wn  Railway  Company  on  M  street,  Georgetown,  has  made  it  neces- 
sary to  remove  the  arches  of  two  of  the  three  valve  chambers  which 
occupy  nearly  the  ftiU  width  of  the  street  between  Twenty-ninth  and 
Thirtieth  streets,  and  replace  them  by  I  beams  and  arches  of  smaJl 
span  and  rise.  The  work  has  been  done  at  the  expense  of  the  railway 
company  under  my  supervision. 

Last  year,  when  the  water  in  the  river  was  at  its  low  stage,  or  be- 
tween 6  inches  and  1  foot  over  the  dam  at  Great  Falls  (which  it  was  for 
several  months),  I  found  that  I  could  not  keep  the  water  in  the  distrib- 
uting reservoir  up  to  its  proper  height  of  146  feet  above  datum.  I  find 
the  same  this  year,  and  that  when  the  water  in  the  distributing  reser- 
voir is  lowered  about  2i  feet  during  each  of  the  montldy  measurements 
of  the  consumption  and  waste  of  water  in  the  city,  it  requires  about 
four  days  to  get  the  water  in  the  reservoir  back  again  to  its  height. 
The  reason  of  this  is,  that  the  height  of  the  dam  at  Great  Falls  is  not  suf- 
ficient at  low  stages  of  the  river  to  keep  the  conduit  full  at  its  head^  or  to 
enable  it  to  deliver  as  much  water  a^s  is  now  consumed  and  wa^st^ed  in  the 
citi/^  and  at  the  same  time  to  keep  up  the  head  in  the  mains  at  the  distrib- 
nting  reservoir  to  146  feet  above  datum^  which  is  necessary  for  the  sumly 
by  gravity  of  the  high  northern  portions  of  the  city  and  of  Cap^itolMilL 
The  only  remedy  for  this  (and  it  is  one  that  should  be  made  before  any 
further  steps  are  taken  for  increasing  the  supply  from  the  distributing 
reservoir  to  the  city)  is  the  raising  ot  the  dam  at  Great  Falls  nearly  & 
not  quite  2  J  feet,  or  to  the  height  of  150 J  feet  above  datum. 
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On*referexice  Irom  tlie  Chief  of  Engineers  the  following  reports  on 
supplications  to  Gougress  for  charters  tor  railways  have  been  mado  <lnr- 
ing  the  fiscal  year: 

1.  Washington  and  Georgetown  Railroad,  S.  4,5JM,  Fifty-first  CongresH,  second 
sesfiion. 

2.  Georgetown  and  Arlington  Railway,  S.  695,  Fifty-Arst  Congress,  second  scHHiou. 

3.  Washington  and  Arlington  Railway,  S.  3,770,  Fit'ty-iirst  Confess,  second  8es- 
sion. 

4.  Washington  and  Chesapeake  Railroad,  S.  4,621,  Fifty-first  Congress,  second 
session. 

5.  East  and  West  Washington  Traction  Railroad,  S.  5,097,  Fifty-first  Congress, 
second  session. 

6.  Metropolitan  Southern  Railroad,  S.  4,119,  Fifty-first  Congress^  first  session ;  two 
renorts. 

Y.  Bock  Creek  Railway,  H.  R.  13,191,  Fifty-first  Congress,  second  session. 
8.  Washington  and  Great  Falls  Electric  Railway,  H.  K.  13,402,  Fifty-first  Congress, 
second  session ;  two  reports. 

Dniing  the  past  year,  in  addition  to  the  work  that  ha«  been  specific- 
aUy  mentioned,  the  nsual  operations  for  maintaining  and  preserving 
the  aqueduct  have  been  carried  on.  The  mains  have  been  flushed,  the 
valves  oiled  and  cleaned,  the  gate-keeper's  houses  have  been  repaired, 
the  gates  adjusted  so  as  to  preserve  the'water  in  the  distributing  reser- 
voir at  as  high  a  level  as  possible,  the  dams  and  embankments  wherever 
they  have  been  washed  or  cut  by  rains  have  been  repaired^  the  gutters 
and  culverts  along  the  line  of  tJie  conduit  have  been  kept  in  order,  and 
about  907  running  feet  of  gutters  have  been  paved. 

Iron  covers  and  frames  have  been  placed  over  the  valve  chambers  on 
the  line  of  the  old  mains  between  Twenty-eighth  and  Twenty-ninth 
streets,  Georgetown,  in  place  of  wooden  covers  and  frames.  A  timber 
trestie  for  use  in  handling  stop  timbers  has  been  erected  in  the  influent 
gate-house  at  the  distributing  reservoir.  The  highway  bridge  over  the 
waste  channel  from  the  receiving  reservoir  has  been  repaired.  The 
bank  of  the  Chesapeake  and  Ohio  Canal  at  Great  Falls  has  been  re- 
paired, so  as  to  prevent  the  drainage  from  houses  in  the  village  from 
entering  the  river  above  the  mouth  of  the  conduit  and  polluting  the 
water  entering  the  conduit.  The  air  valve  on  the  arched  pipes  of  the 
30-inch  main  crossing  College  Pond  has  been  replaced  by  a  new  valve. 
A  retaining  wall  about  250  feet  long  has  been  constructed  along  the  east 
side  of  the  Conduit  Boad,  opposite  the  auxiliary  gate-house,  and  the 
road  has  been  widened  at  this  point.  A  well  29  feet  deep  has  been  dug 
near  the  gate-keeper's  house  at  the  distributing  reservoir  and  walled 
with  stone,  the  upper  8  feet  being  laid  in  cement  mortar.  All  the  drift 
logs  and  other  debris  from  the  flood  of  1889,  that  was  liable  t6  be 
drawn  into  the  conduit  at  Waste- weir  Ko.  1,  near  Great  Falls,  in  any 
similar  flood,  has  been  removed.  The  dei^osits  on  the  bed  of  the  river 
at  Great  Falls,  just  above  the  intake  of  the  conduit,  which  if  not  re- 
moved limit  the  supply  to  the  conduit,  have  been  removed.  This  is 
proper  work  for  a  dredge  boat,  but  I  have  none  and  have  to  get  along 
with  long-handled  shovels  and  scoops  and  forks  the  best  way  I  can. 
Anticipating  that  during  the  low  water  of  the  coming  sunmier  there 
would  be  requirement  for  it,  recesses  have  been  cut  in  the  arch  at  the 
gate-house  at  Great  Falls,  so  that  two  additional  gates  can  be  opened. 
When  the  arch  was  built  many  years  since  it  prevented  the  raising  of 
one  gate  at  each  end  of  the  series  of  ten  gates  that  open  from  the  nver 
into  the  conduit.  The  outbuildings  at  the  gate-keeper's  houses,  the 
fences  around  the  reservoirs,  and  the  interior  of  the  valve  chambers 
have  been  whitewashed,  and  the  sand  and  other  deposits  in  the  cul- 
verts under  the  Conduit  Eoad  have  been  removed.    All  of  these  cul- 


3882      REPORT   OF  THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMY. 

verts,  OD  which  the  safety  of  the  conduit  greatly  dex)6nds,  have  been 
frequently  inspected  and  are  in  good  order,  except  that  the  weight  of 
the  high  embankments  at  Culverts  Nos.  7,  14,  and  15 has  caused  cracks 
in  their  arches,  but  they  do  not  seem  to  be  increasing,  and  they  are  not 
danj»erou8. 

Measurements  of  the  consumption  and  waste  of  water  in  the  city 
have  as  a  rule  been  made  aniuially  in  June.  They  were  t^ken  outside 
the  influent  gate-house  at  the  distributing  reservoir  by  noting  on  an 
ordinary  staff  gauge  the  fall  of  the  wat^r  in  the  reservoii*  during  24 
liours,  the  supply  to  the  reservoir  from  Great  Falls  in  the  mean  tim<^ 
being  suspended.  In  August  last  I  commenced  to  make  these  mea*s- 
urements  monthly  on  one  of  the  last  days  of  the  month,  and  placed  in- 
side the  effluent  gate-house  of  the  same  reservoir  a  floating  staff  gauge 
graduated  to  hundredths  of  a  foot,  by  the  use  of  which  eiTors  in  mea^s- 
uring  the  height  of  water  caused  by  wind  waves  are  avoided  (there  is 
in  each  vertical  inch  about  1,120,000  gallons  of  water),  and  the  observer 
is  sheltered  from  the  weather  during  the  measurement.  In  the  table 
appended  to  this  report  will  be  found  the  details  of  the  measurement  of 
water  consumed  and  wasted  m  the  24  hours  ending  June  25, 1891,  the 
monthly  measurements  during  the  last  fiscal  year,  and  the  annual  meas- 
urements in  June  of  each  year  from  1874  to  1891,  both  inclusive. 

It  will  be  observed  that  the  daily  midwinter  and  midsummer  con- 
sumption and  waste  are  about  equal,  and  are  each  about  2,000,000 
gallons  more  than  the  average  for  the  year  ending  June  30,  1891.  This 
average  is  36,588,629  gallons,  or  about  1,000,000  gallons  more  than  the 
measurement  in  1890,  wliich  was  taken  soon  after  the  48-inch  main  was 
completed  and  put  in  operation.  The  average  annual  increase  before 
the  introduction  of  the  48-inch  main  (or  from  1874  to  1889)  was  about 
677,000  gallons. 

The  year  1890  being  a  census  year,  I  have  obtained  from  Captain 
Lusk,  of  the  District  water  office,  a  plat  of  the  city,  including  George- 
town, showing  the  actual  areas,  block  by  block,  to  which  Potomac  water 
was  supplied  by  the  distribution  system  of  the  District  of  Columbia. 

On  my  sending  this  plat  to  the  Hon.  Mr.  Porter,  Superintendent  of 
the  Census  of  1890,  with  great  kindness  he  has  had  very  carefully  esti- 
mated the  population  within  this  area.  It  is  187,000.  From  this,  and 
tlie  average  consumption  and  waste  during  the  last  fiscal  year,  I  fintl 
the  daily  consumption  and  waste  per  capita  in  this  area  to  have  been 
196  gallons.  The  measurements  on  December  29, 1890,  and  June  24, 
1891,  sliow  that  the  daily  consumption  and  waste  per  capita  in  the  same 
area  on  these  days  was  207  gallons. 

Taking  the  total  population  of  Washington  and  Georgetown  (202,978) 
at  the  time  of  the  census  of  1890,  and  dividing  it  into  the  total  daily 
amount  of  water  consumed  and  wasted  in  the  last  fiscal  year,  the  aver- 
age daily  amount  per  capita  would  be  180  gallons.*  This  would  not  be 
correct,  since,  assuming  the  census  estimate  of  the  population  within 

*In  the  United  States,  the  consumption  and  waste  of  water  in  cities  not  often  ex- 
ceeds 100  gallons  oer  capita^  and,  as  far  as  I  know  there  is  not  more  than  one  such 
case  in  Europe.  This  startling  amount  of  180  gallons  per  capita  for  the  entire  popu- 
lation of  Washington  and  Georgetown  may  suggest  to  the  District  government  an 
extension  of  the  present  limited  application  of  the  meter  system,  not  generally,  but 
in  a  moderate  way,  say  to  all  breweries,  factories,  hotels,  livery  stables,  and  all  sim- 
ilar cases  where  there  are  extensive  wastes,  and  where  the  proprietors  for  buHnest 
purposes  use  great  amounts  of  water,  making,  it  may  in  a  sense  be  considered,  a 
money  profit  from  its  use.  Should  this  be  done,  I  think  it  probable  that  the  present 
rates  to  private  consumers  might  be  reduced  without  any  reduction  of  the  District'^ 
income  from  water,  and  it  would  certaiuly  t^nd  to  postpone  the  need  of  raising  the 
dam  at  Great  Falls  for  the  purpose  of  increasing  the  supply  from  the  Potomac  to  the 
conduit,  the  early  necessity  oi  which  I  have  mentioned  elsewhere  in  this  report. 
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the  area  supplied  with  Potomac  water  to  be  correct,  there  are  outside 
this  area  15,978  of  the  population  that  are  supplied  from  wells,  (or  from 
sources  other  than  the  Potomac),  but  it  is  doubtless  the  usual  and  the 
only  mode  that  is  practicable  to  compilers  of  statistical  information 
respecting  the  consumption  and  waste  of  water  per  capita  in  cities. 

This  rule  would  give  for  the  average  daily  consumption  and  waste 
per  capita  in  Washington  and  Georgetown  in  1870  and  1880, 115  and 
151  gallons  respectively.* 

NECESSITY  FOB  FURTHER  APPROPRIATIONS. 

The  aqueduct  and  the  works  connected  with  it  are  generally  in  excel- 
lent condition,  but  it  is  my  duty  to  call  especial  attention  to  several  im- 
provements that  are  urgently  needed.  Most  of  them  were  mentioned 
in  my  last  annual  report. 

IMPROVING  THE  CONDITION  OF  THE  POTOMAC  WATER  AND  INCREAS- 
ING THE  CAPACITY  FOR  ITS  STORAGE. 

Now  that  the  city  is  everywhere  abundantly  supplied  with  water,  ex- 
cept at  a  few  points  wh^re  its  proper  distribution  is  interfered  with  by 
the  small  size  and  the  reduction  in  capacity  by  internal  corrosion  of  the 
city's  street  mains  and  the  service  pipes  leadmg  from  them  to  residences, 
one  of  the  most  imiiortant  works  to  be  done  in  connection  with  the  aque- 
duct is  to  fiirnish  the  city  with  better  water:  or,  since  the  water  of  the 
Potomac  as  brought  from  Great  Falls  is,  I  am  convinced,  perfectly 
wholesome  at  all  times,  it  would  be  more  correct  to  say  with  clearer 
water. 

The  muddiness  of  the  water  supplied  to  the  city  arises  from  the  earthy 
matter  carried  down  to  the  Upper  Potomac  and  its  tributaries  in  storms 
and  most  abundantly  in  winter  and  early  spring,  by  reason  of  the  alter- 
nate freezing  and  thawing  of  the  ground. 

The  following  table  gives  the  number  of  days  in  the  4  years  ending 
June  30. 1889,  on  which  the  water  had  different  degrees  of  turbidity  at 
Great  Falls: 


Fiscal  year. 


Clear. 


Slishtly 
turbid. 


1885-'86 
1888-'87 
1887-'88 
X88a-'89 


127 
164 
194 
147 


86 
20 
15 
33 


Average  for  4  \  cirs. 


US 


28 


Turbid. 

Vei'v 
tuibid. 

51 
51 
26 
50 

151 
121 
131 
135 

44 

134 

The  following  table  gives  the  number  of  days  in  the  4  years  ending 
Jnne  30,  1889,  on  which  the  water  had  different  degrees  of  turbidity  at 
the  effluent  gate-house  at  the  distributing  reservoir,  after  passing 
through  the  reservoir  to  the  mains  leading  to  the  city:  ** 


Fiscal  yc^r. 

Clear. 

147 
250 
240 

m\ 

SM-htly 
turl>id. 

Turbid. 

Vrry 
tuibid. 

1885-'8C 

33 
30 
16 
24 

72 
32 
52 
64 

Ill 

]S86-'87 

m 

1887-88 

58 

1888-'89 - - 

84 

Avoraee  for  4  vcars . 

209 

28 

55 

73 

■  The  popnlation  of  Washington  in  1870, 1880,  and  1890,  was  109,199, 147,293,  and  188,032,  respectively. 
The  popnlation  of  Georgetown  in  the  aame  years  waa  11,384. 12,578,  and  14,046,  respectively.  The  pop- 
ulation of  the  entire  Distriot  of  Columbia  in  1890  waa  230,892. 
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It  will  be  oV)sorved  tliat  the  total  time  that  the  water  was  "turbid'' 
and  -^^  very  turbid"  at  the  distributiug  reservoir  was  only  about  tw^o 
thirds  of  the  total  time  that  it  was  " turbid "  and  "very  turbid"  at 
lireat  Falls,  and  this  great  improvement  in  the  water  supplied  to  th<» 
city,  as  compared  with  its  condition  when  it  entered  the  conduit,  was 
due  to  the  time,  sliort  as  it  was,  given  for  depositing  its  earthy  (clayey) 
nuitter  in  the  distributing  reservoir. 

Filt<nuig  the  water  consumed  by  the  cities  of  Washington  and  George- 
town would  be  enormously  expensive  (it  has  been  estimated  that  the 
first  cost  of  filtration  Avorks  would  be  from  $600,000  to  $800,000,  and 
the  annual  cost  from  $18,000  to  $43,000,  according  to  the  plan  adopted). 
We  have  now  no  "  head*'  to  spare  for  it,  and  we  can  get  no  head  for  it 
Avithout  pumping. 

Except  by  pumping  there  can  be  no  filtration  without  loss  of  head 
that  we  now  have,  and  for  every  foot  of  head  lost  in  our  case,  there 
would  be  a  section  of  Capitol  Hill  and  a  section  of  the  northern  por- 
tion of  the  city  that  would  be  deprived  of  the  water  that  is  now  sup- 
plied to  them. 

Even  if  it  should  be  decided  at  some  time  in  the  future  that  resort 
must  be  had  to  filters,  it  will  be  necessary,  in  order  to  save  a  great  part 
of  their  cost  of  maintenance,  to  "  settle"  the  water  as  much  as  possible 
before  it  enters  the  filters. 

Turbidity  does  not  necessarily  make  waters  unwholesome.  The  clear- 
est waters  are  sometimes  the  most  dangerous  because  they  are  deceptive^ 
and  filtration  can,  at  most,  only  make  waters  clear. 

During'  the  times  of  its  turbidity  the  Potomac  water  has  caused  re- 
sort to  the  clear  but  deceptive  well  waters  of  the  city  for  drinking  pur- 
poses, and  they  doubtless  have  caused  disease  which  has  been  attrib- 
uted to  Potomae  water;  and  some  years  ago,  when  the  Potomac  water 
was  allowed  to  flow  through  the  receiving  reservoir  and  mingle  with  the 
water  of  this  reservoir,  it  had  a  disagreeable,  fishy,  and  oily  taste  and 
smell,  and  there  was  much  complaint;  but  the  Potomac  water  itself, 
brought  either  directly  from  Great  Falls  or  through  the  distributing 
resoi'voir,  has  never,  even  in  its  worst  condition,  been  proved  to  be  un- 
healthful ;  on  tlie  contrary,  it  has  been  generally  believed  to  be  one 
of  the  best  in  the  country. 

Filtration,  excei)t  by  pumping  the  entire  quantity  of  water  consumed 
and  wasted  in  Washington  and  Georgetown,  being  then  out  of  the  ques 
tion,  a  comparison  of  the  foregoing  tables  clearly  i)oints  out  the  mos< 
important  step  to  be  taken  for  imj)roviug  the  condition  of  the  Potomai 
water. 

It  is  to  provide  an  additional  settling  basin,  so  that  when  the  river  h 
turbid  the  water  can  have  a  longer  time  for  depositing  its  sedimentary 
matter  before  passing  into  the  mains.  • 

This  can  be  done  by  improving  the  receiving  reservoir. 
«>  The  receiving  reservoir,  about  2  miles,  following  the  Conduit  Boad 
above  the  distributing  reservoir,  has  about  the  same  area  as  the  latter, 
and  contains  about  the  same  available  amount  of  water. 

Its  perimeter  has  a  length  of  about  2  miles.  The  conduit  from  Greai 
Falls  to  the  distributiug  reservoir  passes  close  to  a  portion  of  the  mar- 
gin of  the  receiving  reservoir,  and  there  is  an  inlet  from  the  conduit  tc 
the  latter  reservoir  at  its  upper  end,  and  an  outlet  from  the  reservoir  t4 
the  conduit  at  its  lower  end.  They  are  so  arranged  that  the  water  ii 
its  route  from  Great  Falls  to  the  distributing  reservoir  can  be  made  t<i 
pass  either  directly  through  the  conduit  and  around  the  receiving  reser 
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voir  to  the  distributing  reservoir,  or  through  the  receiving  reservoir,  as 
may  be  desired. 

It  was  contemplated  in  the  original  dcvsign  for  the  aqueduct  that  the 
water  from  Great  Falls  should  always  pass  through  the  receiving  reser- 
voir, and  the  latter  was  intended  to  serve  mainly  as  a  settling  basin ; 
but  its  use  as  such,  and  all  use,  was,  for  reasons  to  be  stated,  susi>eudc(l 
some  years  ago. 

Unlike  the  distributing  reservoir,  which  has  no  watershed,  the  re- 
ceiving reservoir  has  an  extended  watershed  of  about  4,000  acres.  It 
is  mainly  to  the  northward  of  the  reservoir,  its  northern  border  cross- 
ing the  Tenallytown  and  Rockville  road,  about  2^  miles  abov^  Tenally- 
town.  Its  eastern  border  follows  pretty  closely  the  Loughborough  and 
the  Tenallytown  and  Eockville  roads,  and  its  general  A\idth  from  anst 
to  west  is  about  2  miles.  The  greater  part  of  the  area  of  the  watershed 
is  very  hilly,  and  nearly  the  whole  of  it  is  devoted  to  cultivation  and 
grazing. 

The  population  upon  it  is  quite  large,  and  it.  is  rapidly  increasing. 
The  water  falling  upon  this  area  is  carried  to  the  reservoir  by  several 
streams,  one  of  which,  I/ittle  Falls  Branch,  is  of  considerable  size,  and" 
they  carry  in  storms  and  heavy  showers  great  quantities  of  detritus, 
which  is  rapidly  shoaling  the  reservoir.  AVith  the  receiving  reservoir 
in  its  present  condition  there  is  no  means  of  excluding  the  drainage 
water  from  the  su^ounding  lands,  and  if  the  Potomac  water  from  Great 
Falls  be  permitted  to  flow  through  the  reservoir,  of  preventing  the 
mingiine  of  these  two  waters,  and  so  many  complaints  were  made  some 
years  a^o  in  the  public  press  and  by  the  water-takers  that  the  passage*, 
of  Potomac  water  through  the  reservoir  was  stopped  and  the  reservoir 
was  cut  out  from  the  system  of  supply  to  the  city. 

These  complaints  were  doubtless  well  founded. 

Every  storm  and  heavy  shower  brings  down  to  the  reservoir  through 
the  streams  that  lead  into  it  and  directly  from  the  hillsides,  not  only  a 
great  quantity  of  muddy  water  which  roils  the  reservoir,  but  probably 
some  of  the  fertilizers  and  other  deleterious  substances  from  the  culti- 
vated and  grazing  lands  of  its  watershed.  In  fact,  this  reservoir  has 
the  usual  defects  of  reservoirs  surrounded  by  and  supplied  from  culti- 
vated and  inhabited  districts.  A  considerable  portion  of  the  margin  of 
the  reservoir  is  shoal,  with  soft,  muddy  bottom.  The  waves  stir  up  the 
mud  and  add  to  the  muddy  water  brought  down  by  the  streams,  and  in 
other  portions  of  the  shoal  water,  near  the  shore,  there  is  a  luxuriant 
growth  of  water  plants  of  various  kinds,  and  the  water  there  being 
quiet  and  protected  from  the  waves,  there  is  proinoted  in  these  places 
growths  of  Algw  and  other  minute  vegetable  substances  that  have  given 
so  nuich  trouble  in  the  reservoirs  of  other  cities,  as  well  as  in  the  receiv- 
ing reservoir,  and  to  which  is  attribute  the  offensive  oily  and  fishy 
smell  and  taste  of  their  waters  at  some  seasons  of  the  year,  especially 
in  hot  weather. 

This  was  the  particular  cause  of  complaint  in  Washington  when  this 
reservoir  was  thrown  out  of  service. 

The  receiving  reservoir  is  admirably  suited  for  settling  purposes,  if 
all  water  be  ex(*luded  from  it  except  the  water  from  the  Potomac  and 
the  margins  be  deepened  and  protected. 

These  can  readily  be  done  if  Congress  will  grant  the  necessary  ai)pi'o- 
priations. 

Captain  Symons,  of  the  Engineers,  some  years  ago  concc^ived  an  ex- 
cellent, and  I  believe  the  only  x>racticable,  project  for  the  former,  and  it, 
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and  the  drawings  illustrating  it,  may  be  found  in  the  Eeport  of  the 
Chief  of  Engineers  for  1885,  pages  2464-24G8. 

His  project,  which  I  have  carefully  examined  and  tested,  is  to  take  the 
waters  of  East  Creek  (the  stream  f£ui;hest  to  the  eastward  that  pollutes 
the  reservoir)  and  conduct  it  in  an  open  and  paved  channel  to  Mill 
Creek,  together  with  all  the  water  fiiUing  directly  into  the  reservoir 
from  the  hills  between  these  two  streams;  then  to  take  the  combined 
waters  of  both  streams  and  the  water  which  falls  directly  into  the  res- 
ervoir from  the  hillsides  between  Mill  Creek  and  Little  Falls  Branch 
by  a  proportionally  larger  channel  and  a  short  tunnel  to  Little  Falls 
Branch.  Jhe  combined  waters  of  all  the  streams  are  then  to  be  taken 
by  a  still  larger  channel  and  another  short  tunnel  to  a  natural  water- 
course below  the  reservoir. 

To  catch  and  throw  all  the  water  of  the  streams  into  these  channels 
and  connecting  tunnels,  small  dams  are  to  be  erected  across  the  mouths 
of  the  streams  below  the  points  where  the  artificial  channels  enter  and 
leave  their  basins,  which  points  are  in  all  cases  as  close  to  the  reservoir 
as  possible. 

The  work  is  planned  to  give  the  shortest  tunnel  lines  possible,  and  both 
the  channels  and  the  tunnels  were  computed  to  carry  off  the  greatest 
known  rainfall. 

The  plan  would  make  this  splendid  reservoir,  which  has  capacity  for 
about  175,(K)0,000  of  gallons  of  water,  which  cost  iipny  thousands  of 
dollars  and  is  now  useless,  fully  as  valuable  for  settling  purposes,  and 
as  completely  shut  off  from  all  i)olluting  influences,  as  the  distributing 
reservoir.  By  it  the  receiving  reservoir  would  become  an  additional  dis- 
tributing reservoir,  and  the  ti  me  allowed  for  settling  would  be  considerably 
more  than  double  the  time  now  allowed.  It  would  give  the  water  from 
Great  Falls,  after  reaching  the  "north  connection"  of  the  receiving 
reservoir,  a  variety  of  routes  for  reaching  the  mains  leading  to  the  citj-, 
and  cither  could  be  adopted  as  the  varying  conditions  of  the  water 
might  require,  as  follows:  It  could  be  made  to  pass  through  the  receiv- 
ing reservoir,  thence  through  the  conduit  to  the  distributing  reservoir, 
and  through  this  reservoir,  or  it  could  be  made  to  pass  around  the 
.receiving  reservoir  and  thence  to  and  through  the  distributing 
reservoir,  using  either  reservoir  alternately  as  a  settling  basin,  or, 
when  the  water  at  Great  Falls  is  quite  clear,  as  it  is  (see  the  foregoing 
table)  about  one-half  of  the  time,  it  could  be  made  to  pass  from  Great 
Falls  directly  into  the  mains  without  passing  through  either  reservoir. 

The  estimate  of  the  cost  of  excluding  the  water  of  the  surrounding 
country  from  the  receiving  reservoir,  including  the  purchase  of  the 
small  amount  of  land  required  and  the  cost  of  completing  the  fencing 
of  the  reservoir  lands,  was  $130,000.  From  this  I  would  deduct  $15,346, 
the  then  estimated  cost  of  deepening  and  protecting  the  margins  of  the 
reservoir,  as  far  as  was  possible  at  the  time  (the  water  could  not  then 
be  drawn  from  the  reservoir  without  great  and  prolonged  inconven- 
ience to  the  people  of  Wasliington),  and  add  $14,000  for  a  probable  in- 
crease in  the  value  of  the  land  to  be  acquired,  and  6  cents  per  cubic 
yard  to  the  then  estimated  cost  of  earth  excavation,  or  $1,130,  making 
in  round  numbers  8120,800. 

To  obviate  the  defects  of  the  reservoir  caused  by  shoal  water,  I  would 
deepen  the  water  everywhere  at  its  margins  to  12  feet,  and  protect  the 
sides  by  slope  walls  of  dry  rubblestone  12  inches  thick,  laid  upon  a  lin 
ing  of  broken  stone  6  inches  thick,  precisely  as  the  sides  of.  the  distrib 
uting  reservoir  are  now  protected,  at  the  following  estimated  cost: 
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148,300  cubic  yards  of  exoavation,  at  35  cents $51, 905.  Od 

16,400  cubic  yards  of  drv  stone  masonry,  at  $4.50 73,  800. 00 

8;200  cubic  yards  of  broken  stone  lining^  at  $2.50 20,500.00 

146, 205.00 
Add  10  per  cent,  for  contingencies 14, 620. 50 

160, 825. 50 

Adding  to  the  latter  amount  $129,800,  the  estimated  cost  of  cuttiug 
off  all  access  of  the  water  from  the  water-shed  of  this  reservoir  and  the 
purchase  of  the  land  required,  and  we  have  for  the  thorough  improve- 
ment and  completion  of  the  receiving  reservoir  $290,625. 

The  improvement  of  the  receiving  reservoir  as  just  indicated  is  neces- 
sary not  oidy  for  the  purpose  of  reducing  the  turbidity  of  the  water 
supplied  to  the  city,  but  for  restoring  the  storage  capacity  of  our  aque- 
duct system. 

With  the  double  object,  then,  of  improving  the  quality  of  our  Potomac 
water  and  of  restoring  our  reservoir  capacity  for  storage,  I  can  not  too 
earnestly  urge  that  the  estimate  for  an. appropriation  for  the  improve- 
ment of  the  receiving  reservoir,  which  will  be  found  included  in  my  esti- 
mate for  the  next  fiscal  year,  be  granted  by  Congress. 

LOWERING    THE  HEiaHT  OF  THE  CROSS  DAM  IN  THE  DISTRIBUTING 

.      RESERVOIR. 

The  lower  reservoir,  the  distributing  reservoir,  is  divided  about  half 
way  between  the  influent  and  the  effluent  gate-houses  by  a  cross  dam,  in 
the  middle  of  the  length  of  which  is  a  narrow  cut  lined  with  mavsonry, 
through  which  all  the  water  on  its  way  to  the  effluent  gate-house, 
where  it  enters  the  mains,  must  pass. 

The  draft  through  this  cut  is  so  strong  that  the  major  part  of  the 
water  is  drawn  straight  from  the  influent  gatehouse,  which  is  in  a 
corner  of  the  ui)per  division,  the  settling  division,  to  the  cut,  so  that 
when  the  water  coming  down  the  cut  is  turbid  it  does  not  diffuse  itselt 
through  the  whole  body  of  water  in  this  division  (110,000,000  gallons) 
as  it  should  in  order  that  the  greatest  amount  of  settling  be  done. 

Neither  is  the  water  after  it  passes  through  the  cut  properly  distrib- 
uted through  the  lower  division,  which  contains  about  60,000,000  gal- 
lons, for  the  reason  that  the  draft  from  the  cut  to  the  head  of  the  mains 
leading  to  the  city  from  the  lower  end  of  the  division  is  so  strong  that 
the  water  all  passes  in  a  comparatively  narrow  stream  straight  to  these 
mains,  so  that  it  also  gets  very  little  chance  to  settle  in  this  division. 

Now,  as  the  upper  layer  of  any  body  of  water  not  quite  free  of  tur- 
bidity and  in  the  process  of  settling  is  the  clearest,  if  the  top  of  the  dam 
be  lowered  far  enough  to  allow  only  a  thin  sheet  (at  the  present  rate  of 
consumption  it  would  be  less  than  an  inch  deep)  of  water  to  pass  over 
the  dam,  as  was  General  Meigs's  design,  we  should  have  in  each  divi- 
ion  a  very  effective  additional  means  of  clarifying  the  aqueduct  water, 
and  I  believe  that  this  improvement  in  the  distributing  reservoir  being 
made,  and  the  receiving  reservoir  being  improved  as  recommended,  there 
would  be  but  rarely,  if  any,  complaint  of  muddy  water. 

I  estimate  the  cost  of  this  improvement  at  the  distributing  reservoir 
by  lowering  the  cross  dam  at  $12,500. 

PROTECTION  OF   THE   INLET   TO  THE   CONDUIT  AT  GREAT  FALLS. 

The  bank  of  the  Chesapeake  and  Ohio  Canal,  which  runs  parallel  to 
the  Potomac  at  Great  Falls,  and  about  150  feet  from  it,  is  about  16 J  feet 
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higlicr  than  the  uncovered  chamber,  just  above  the  Maryland  end  of 
the  aqueduct  dam,  that  forms  the  inlet  finom  the  river  to  the  conduit. 

In  the  flood  of  Kovember,  1877,  which  rose  at  Great  Falls  to  the 
height  of  160  feet  above  the  datum  of  the  aqueduct,  or  12  feet  higher 
than  the  crest  of  the  dam,  the  canal  bank  at  a  point  opposite  the  inlet 
w'tiH  washed  down  to  the  river  and  a  part  of  it  into  the  inlet.  I  quote 
li'om  the  annual  report  of  the  aqueduct  for  1878: 

T1i«  masonry  forming  the  arch  of  the  feeder  was  uncovered  from  a  point  near  the 
middle  of  the  canal  to  the  mouth  of  the  feeder,  a  distance  of  150  feet.  The  chamber 
at  the  head  of  the  aqueduct  was  filled  with  stones  that  had  formed  the  slope  wall  of 
the  canal,  and  the  aqueduct  feeder,  for  a  distance  of  300  feet,  was  fiUed  with  debris 
to  dc)>thH  varying  from  3  to  6  feet,  so  as  to  entirely  stop  the  flow  of  water  during 
the  ordinary  low  stages  of  the  river. 

In  the  still  higher  flood  of  June,  1889,  which  rose  to  the  height  of  16 
feet  over  the  aqueduct  dam,  the  canal  bank  was  again  washed  down  to 
the  river,  but  fortunately  the  damage  did  not  occur  immediately  oppo- 
site the  inlet  to  the  conduit,  but  from  200  to  400  feet  higher  ui>,  so 
that  the  major  part  of  the  debris  being  left  on  the  margin  of  the  river, 
and  a  part  of  it  being  carried  over  the  dam,  not  so  much  filling  of  the 
ink't  to  the  conduit  was  done,  but  as  in  the  flood  of  1877  it  was  par- 
tially obstructed. 

The  annual  report  of  the  aqueduct  fcr  1889  says: 

The  hanks  of  the  Chesapeake  and  Ohio  Canal  above  and  below  the  month  of  the 
conduit  were  carried  away,  and  that  opposite  the  condnit  was  threatened;  a  niun* 
her  of  men  wore  kept  at  work  on  this  bank  during  the  freshet,  and  it  is  believed  that 
had  it  not  been  for  the  energetic  work  of  this  force,  and  the  widening  and  strength- 
ening of  the  bank  at  this  locality  in  April,  great  damages  wonld  have  occurred  at 
the  mouth  of  the  condnit. 

It  will  be  observed  that  in  the  freshet  of  1877  not  only  the  inlet  cham- 
ber but  the  conduit  itself  was  filled  to  a  depth  of  from  3  to  6  feet  far  a 
distance  of  300  feet  in  from  its  nwuthj  but  the  water  in  the  river  being 
at  a  high  stage  there  was  still. water  way  enough  in  the  conduit  above 
the  debris  to  enable  the  supply  to  the  city  to  be  kept  up.  Had  a  com- 
jilete  closure  of  the  mouth  of  the  conduit  occurred,  with  12  to  16  feet 
of  water  over  it,  there  would  have  been  no  possible  way,  with  the  tor- 
rent laging  over  the  mouth,  to  remove  the  obstruction  before  the  river 
subsided,  and  the  water  supply  to  the  city  would  have  been  cut  oflf. 

There  is  no  more  importiuit  part  of  our  system  of  water  supply  to  be 
carei'uUy  guarded  than  the  head  of  the  conduit  at  Great  Falls,  and  in 
ord(ir  to  avert  dangers  like  those  of  1877  and  1889,  to  which  the  wateir 
supply  is  liable  in  every  freshet,  a  masonry  wall  should  be  buUt  between 
the  river  and  the  canal  bank,  rising  a  few  feet  higher  than  the  latter,  and 
extending  up  river  from  the  mouth  of  the  conduit  as  tax  as  the  limit  of 
the  Government  land,  and  thence  at  about  a  right  angle  and  still  on  the 
Oovennent  land,  to  the  shore  of  the  river.  I  estimate  the  cost  of  this 
wall  at  $5,000. 

EXTENSION   OF   OUTLET   OF  WASTEWBIR  NO.  3. 

In  order  to  provide  means  for  emptying  the  conduit  in  case  of  abreal 
in  it,  or  for  any  purpose  of  repair,  and  to  regulate  the  quantity  of  watek 
passing  down  the  conduit,  three  wasteweirs  or  openings,  from  the  con 
diiit  are  provided  in  its  11 J  miles  of  length.  One  of  the  most  important 
of  them  is  wasteweir  Ko.  3,  wliich  is  between  the  receiving  reservoir  am 
the  distributing  reservoirs,  and  about  half  a  mile  above  the  latt«t 
One  of  its  most  important  functions  is  to  enable  us  to  control  the  heigh* 
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of  water  in  the  distributing  reservoir,  so  that,  on  the  one  hand,  it  sluill 
not  fall  below  the  height  required  to  give  the  best  possible  supply  to  the 
city,  and,  on  the  other,  it  shall  not  rise  so  high  as  to  endanger  the  dams 
of  the  reservoir.  This  is  ordinarily  done  by  telephonic  orders  to  the 
watchman  gatekeeper  at  Great  Falls,  who  is  in  charge  of  the  gates  at 
the  head  of  the  condiut,  but  in  case  of  a  break  in  the  telephone  line, 
and  communication  with  him,  except  by  mail,  being  cut  off,  reliance 
must  be  had  on  the  wasteweirs,  and  especially  on  No.  3,  which  is  in  charge 
of  the  watchman  gatekeeper  at  the  distributing  reservoir.  The  over- 
flow from  this  wasteweir  is,  for  the  distance  of  subout  270  feet,  in  a  deep 
gully  through  private  property  to  a  natural  water  course  and  thence 
under  the  Chesapeake  and  Ohio  Canal  to  the  Potomac.  Property  in 
this  vicinity  is  getting  to  be  valuable,  streets  are  being  laid  out  through 
it,  and  the  outflow  from  the  wasteweir  is  liable  to  be  obstructed  by  tin' 
filliug  of  the  gully  by  the  owners  of  the  land.  The  difficulty  can  be  ob- 
viated by  laying  a  36-inch  cast-iron  pipe  in  the  gully  from  the  waste- 
weir to  the  natural  water  course,  at  an  estimated  expense  of  $2,500. 

DEBPENINa  THE  DISTRIBUTING  RESEBVOIB. 

The  present  bottom  of  the  distributing  reservoir  being  at  reference 
135  above  the  aqueduct  datum,  and  the  flow  line  of  the  reservoir  being 
at  reference  146  above  this  datum,  the  available  depth  of  water  is  11 
feet. 

Jt  has  often  been  recommended  in  former  annual  reports  that  the 
depth  be  increased  13  feet,  or  to  reference  122,  the  depth  of  the  axes  ot 
the  four  48-inch  connections  between  the  screen  house  and  the  gate 
chamber. 

This  would  increase  the  storage  capacity  of  the  reservoir  from  about 
170,000,000  gallons  to  sbput  290,000,000  gallons,  and  add  to  the  coolness 
of  me  water  and  also  to  its  purity,  for,  unlike  the  receiving  reservoir, 
which  is  nearly  surrounded  by  woods,  the  distributing  reservoir  is  fiilly 
exiiosed  to  winds,  and  the  waves  are  sometimes  so  great  as  to  disturb  the 
bottom  and  make  the  water  roily. 

Should  this  be  done,  bermes  of  10  feet  in  width  should  be  left  at  the 
f(K)t  of  the  present  slope  walls  protecting  the  sides  of  the  reservoir  the 
tops  of  these  bermes  should  be  paved,  and  the  deepened  portions  of  the 
sides  should  be  protected  by  slope-walls  of  dry  rubble  masonry  12  inches 
thick,  laid  on  a  broken-stone  lining  6  inches  thick. 

I  estimate  the  cost  of  the  work  at  $290,000  in  round  numbers,  as  fol- 
lows : 

580,000  cubic  yards  of  excavation,  at  35  cents $203, 000 

10,500  cubic  yjurcls  of  rubble  slope  waU,  at  $4.50 47, 250 

5,300  cubic  yiurds  of  broken-stone  lining,  at  $2.50 13, 250 

263, 5QP 
Add  10  per  cent,  for  contingencies 26, 350 

289,850 

I  consider  the  work  of  deepening  this  resei-voir  to  be  of  very  'great 
importiince  for  the  reasons  given,  and  it  should  be  done  as  soon  as 
appropriations  can  be  obtained  for  it,  but  as  the-  iini)rovtMnent  of  the 
quality  of  the  aqueduct  wat^^r*,  tiie  increasi*  of  storage  eajuicity  above 
the  heiuls  of  our  mains,  the  protection  of  the  aqueduct,  aud  other  works 
herein  mentioned  are  of  more  importance  at  this  time,  I  have  not 
included  it  in  the  estimates  for  the  next  fiscal  year/ 
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STORAGE  YARDS. 

I  have  provided  supplies  for  use  in  case  of  breaks  in  the  48-inch  and 
other  mains,  comprising  sections  of  pipe,  curves,  crosses,  reducers, 
sleeves,  etc.,  a  heavy  wagon  for  hauling  them  where  needed,  lifting 
Jacks,  and  efficient  pumps;  also  machinery  for  lowering  the  pipes  in 
the  trenches  and  the  implements  and  material  required  for  handling 
and  calking. 

A  portion  of  these  supplies  has  been  placed  in  a  yard  which  I  have 
arranged  on  the  public  land  at  the  distributing  reservoir,  for  use  in  the 
country  portions  of  the  routes  of  the  mains,  and  the  remainder  for  use 
in  the  city  portions  of  these  routc?s  has  been  placed  in  a  portion  of 
Twenty-seventh  street,  near  M  Street  Bridge,  which  has  been  loaned 
for  the  purpose  by  the  District  government  until  the  street  is  wanted 
for  improvement. 

As  we  shall  not  be  able  probably  to  retain  this  place  except  for  a 
short  time,  a  permanent  yard  in  the  city  should  be  purchased  for  use  as 
a  storage  yard.  It  should  be  near  this  office,  and  at  or  near  the  grade 
of  the  street,  so  that  the  heavy  castings  and  machinery  required  for 
repairs  can  be  quickly  gotten  out. 

I  believe  that  a  suitable  lot  can  be  obtained  by  purchase,  or,  if  need 
bCj  by  condemnation,  for  $10,000,  and  I  recommend  an  appropriation  of 
this  amount  for  the  purpose. 

GLEANING  THE  BOTTOM  OF  THE  DISTRIBUTING  RESEBYIOB. 

The  sedimentary  deposits  of  about  twenty  years,  within  which  time  the 
distributing  reservoir  has  not  been  cleaned  out,  have  raised  the  bottom 
of  its  upper  division,  the  settling  division,  about  d  inches,  and  of  the 
lower  division  about  4  inches. 

These  deposits  have  diminished  the  capacity  of  the  reservoir  about 
8,000,000  gallons,  and  although  it  is  probable  that  these  deposits,  which 
are  mostly  clay,  are  pot  deleterious  to  the  water,  they  should  be  re- 
moved as  soon  as  an  appropriation  can  be  obtained  for  the  purpose.  It 
would  require  the  removal  of  about  39,500  cubic  ya,rds,  the  estimated 
cost  of  which,  at  35  cents  per  cubic  yard,  is  $13,825. 

RAISING  THE  HEIGHT  OF  THE'  DAM  AT  GREAT  FALLS. 

I  have  already  stated  in  this  report  the  fact  that  I  find  that  the  height  of 
the  dam  at  Great  Falls  is  not  sufficient  at  low  stages  of  the  river  to  keep 
the  conduit  full  at  its  head,  or  to  enable  it  to  deliver  as  much  water  as  is 
now  consumed  and  wasted  in  the  city  and  at  the  same  time  keep  up  the 
head  in  the  mains  at  the  distributing  reservoir  to  146  feet  above  datum, 
which  is  necessary  for  the  supply  by  gravity  of  the  high  northern  por-. 
tions  of  the  city  and  of  Capitol  Hill,  and  that  the  only  remedy  for  this, 
and  it  is  one  that  should  bo  made  before  any  further  steps  are  taken  for 
increasing  the  supply  from  the  distributing  reservoir  to  the  city,  is  the 
raising  of  the  dam.  The  following  is  an  estinmte  of  the  cost  of  the 
work : 

2,134  cubic  yards  of  stone  masonry,  at  $35 $74, 690 

3.338  cubic  yards  of  riprap,  at  si?2 6,  6«^ 

Damages  on  account  of  flooding  of  laud,  and  other  dauuiges 12, 000 

93,  35« 
Add  10  per  cent,  for  contingencies 9,335 

10%  691 
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.  This  is  a  work  that  will  soon  have  to  be  done,  but  as  it  can  not  be 
clone  before  the  Chesapeake  and  Ohio  Canal  is  repaired  and  again  put 
in  operation  so  that  we  can  get  the  required  stone  from  the  Government 
quarry  at  Seneca,  I  do  not  include  an  estimate  for  it  in  the  estimates  lor 
the  next  fiscal  year. 

DESIRED     PROVISION     IN    RESPECT     OF    APPROPRIATIONS    FOR    THE 

AQUEDUCT. 

Appropriations  for  the  aqueduct  are  now  fiscal  year  appropriations, 
and  their  availability  terminates  on  the  30th  of  June  of  each  year. 
Whenever  appropriations  are  delayed  there  is  liable  to  be  a  time  in  the 
early  part  of  every  other  fiscal  year  during  which,  should  a  break  occur 
in  a  main  either  in  the  city  or  in  the  country  this  side  of  the  distribut- 
ing reservoir  or  in  the  conduit,  or  should  any  disaster  occur  at  the  res- 
ervoir or  at  Great  Falls,  there  is  no  money  available  for  repairs. 

An  example  of  the  urgent  need  of  a  change  in  this  respect  is  the  re- 
cent repair  of  the  dam  which  retains  the  water  for  supplying  the  con- 
duit at  Great  Falls.  It  was  a  most  important  work  and  one  that  could 
be  done  only  at  the  lowest  stages  of  the  river.  Every  rain  stopped  it 
and  caused  a  loss  of  time  and  money.  For  a  few  weeks  preceding  the 
close  of  the  fiscal  year  there  had  been  an  exceptionally  favorable  time 
for  the  work,  and  it  was  pushed  forward  with  all  the  rapidity 
possible,  up  to  the  evening  of  the  30th  of  June,  when,  by  reason  of 
the  limit  of  the  appropriation  as  to  time,  it  was  necessary  to  discharge 
the  workmen  and  wait  for  a  new  appropriation  which,  even  if  it  should 
be  made  early  in  July,  would  not  be  available  at  the  Treasury  unta  some 
weeks  later. 

If  the  appropriations  for  the  aqueduct  should  be  made  available  until 
exi)ended,  some  of  the  less  urgent  repairs  towards  the  end  of  the  year 
could  be  postponed  until  the  next  appropnation  should  become  avail- 
able, so  that  there  would  always  be  money  in  hand  for  repairing  a  break 
in  a  main,  or  for  any  other  work  like  the  one  mentioned  at  Great  Falls, 
that  can  not  be  postponed  without  loss. 

A  leak  in  one  of  the  city's  old  and  decayed  street  mains,  or  in  one  of 
the  hundreds  of  small  service  pipes  that  cross  the  route  of  the  48-uich 
main,  for  instance,  by  undermining  it  may  cause  it  to  break,  and  the 
quantity  of  water  that  would  be  discharged  on  the  street,  especially  in 
the  low  levels  of  the  route,  would  be  so  enormous  that  property  and 
even  life  itself  might  be  endangered. 

And  in  case  of  appropriations  for  specific  works  like  those  I  have 
recommended  it  is  sometimes  not  advantageous,  either  in  respect  of 
economy  or  the  quality  of  the  work,  to  oblige  the  work  to  be  fully  com- 
pleted at  the  end  of  the  fiscal  year. 

Sometimes,  by  reason  of  the  late  date  at  which  appropriations  become 
available,  or  of  the  weather,  or  of  the  condition  of  the  river,  the  work 
can  not  be  ftilly  completed  within  this  time  without  hurrying  it  so  much 
as  to  be  detrimental  to  the  interests  of  the  Government.  I  do  not  know 
of  any  appropriations  that  more  require  to  be  made  available  until 
expended,  like  appropriations  for  river  and  harbor  improvements,  than 
appropriations  for  the  Washington  Aqueduct.  I  urgently  recommend, 
therefore,  that  it  be  done,  and  also  that  the  same  lacHities  that  were 
I)rovided  in  the  act  of  March  2, 1889,  making  an  appropriation  for  the 
construction  of  the  48-inch  main,  be  provided  for  every  part  of  the  work 
pertaining  to  the  aqueduct,  and  oeg  to  snggestthat  the  following  clause 
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be  attached  U)  th(*  next  appropriations  for  the  aqueduct  and  be  made 
to  operate  on  all  future  ap[)ropriation8  for  it: 

Provided,  Thut  all  appru])ri:itioiis  for  tho  Washina^on  Aqueduct  shall  bo  available 
until  expended;  and  it  it  bliall  appear  to  tlie  Secretary  of  War,  on  the  report  of  the 
Chief  of  Engineers,  that  for  uny  rause  any  work  pertaining  to  said  aqnedact  can  not 
be  carried  on  or  material  therefor  can  not  be  obtained  as  rapidly  as  is  necessary  for 
the  becit  and  most  vigorous  prosecution  of  it,  he  is  authorized  to  provide  material 
by  purchase  in  open  market  or  by  coutriu't  for  the  fabrication  thereof,  and  to  carry- 
on  the  work  by  aay's  labor  or  otiierwise.  a.s  may  seem  to  him  expedient. 

The  heiglit  of  the  wat(*r  abov(^  the  dam  at  the  inlet  to  the  aqueduct 
at  Great  Falls  varied  during  the  year  from  a  minimum  of  0.6  foot  on 
July  31-August  6,  1890,  to  a  maximum  of  5.7  feet  on  April  2, 1891. 

Mr.  R.  0.  Smead  has  performed  his  duties  in  connection  with  the 
48-inch  main  and  of  superintending  the  working  of  the  aqueduct  and  its 
adjuncts  satisfactorily  during  the  year.  Mr.  Thomas  Sullivan,  Mr.  John 
Halloran,  and  Mr.  Daniel  Harrington,  for  many  years  watchmen  gate- 
keepers at  Greiit  Falls  and  at  the  receiving  and  distributing  reservoirs, 
have  attended  to  their  iinpoilant  duties  faitlifully.  In  addition  to  their 
other  duties  they  have  skillfully  and  energeticaUy  acted  as  foremen  of 
laborers  engaged  on  the  works  of  repair. 

A  map  of  the  route  of  the  Washington  Aqueduct  accompanies  this 
report. 

The  following  is  a  money  statement  for  the  fiscal  year  ending  June  30, 
1891: 

July  1, 1890,  balauice  unexpended $3, 088. 26 

Amount  appropriated  by  act  approved  August  6,  1890 25, 500. 00 

Amount  appropriated  by  act  approved  March  3,  1891 20, 000. 00 

48,583.26 
June  30,  1891,  amount  expended  during  fiscal  year 19, 139. 01 

July  1,  1891,  balance  unexpended 29,  444. 25 

July  1,  1891,  ontst^inding  liabilities $1, 434. 25 

July  1,  1891,  amount  covered  by  uncoin])leted  contract 2, 510. 00 

Amount  of  appro]>riation  of  August  6,  li<lM),  to  be  reverted  to 

the  Treasury 5, 500. 00 

9,444.25 

July  1,  1891,  balance  available 20,000.00 

The  estimates  of  appropriations  that  should  be  made  for  the  yeai*  end- 
ing June  30, 1893,  are  as  follows,  and  I  urgently  recommend  that  the 
provisions  of  law  suggested  in  this  report  be  attached  to  the  next  appro- 
l)riations  for  the  reasons  stat>ed : 

For  improvin«i^  the  quality  of  the  Potomac  wat^r  and  restoring  the  capacity 
for  its  storage  by  improving  the  receiving  reservoir,  including  the  pur- 
chase or  condemnation  of  the  necessary  land $290, 625 

For  further  improving  the  quality  of  the  Potomac  water  by  lowering  the 

height  of  the  cross  dam  at  the  distributing  reservoir 12, 500 

For  protecting  the  inlet  to  the  aqueduct  at  (Treat  Falls 5, 000 

For  extending  the  outlet  of  waste  weir  No.  3 2, 500 

For  purchase  or  condemnation  of  a  site  for  a  storage  yard 10, 000 

For  cleaning  out  the  distributing  reservoir ' 13, 825 

For  maintenance  and  repairs  of  the  aqueduct  and  the  reservoirs,  mains, 
roads,  etc.,  connected  therewith 21, 000 

355,450 

An  increase  of  'i*  1,000  over  the  appropriation  of  former  years  formaiii- 
tena-nce  and  repairs  is  made  necessary  by  the  increavsed  amount  that  will 
be  re(iuired  by  th(»  addition  of  the  4:8-inch  and  the  other  new  mains  to 
tlie  former  system  of  supply. 
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Hourly  and  total  jlmv  from  diaiributing  reservoir  for  the  twenty-four  hours  ending  at  noon 
June  BSf  1891,     City  temperature  in  the  shade  at  Sp,  ni.  June  24 j  79^, 


Date. 


Jime  24 — 
From 
From 
From 
From 
From 
From 
From 
From 


12  noon  to  1p.m. 

1  p.  m.  to  2  p.  m  . 

2  p.,m.  to  'A  p.  Ill  . 
8  p.*m.  to  4  p.  m  . 

4  p.  m.  to  5  p.  m  . 

5  p.  m.  to  0  p.  m  . 

6  p.  m.  to  7  p.  m  . 

7  p.  m.  to  8  p.  ui 


Outflow  per 
I      hour.      i 


QaUona. 

1,  :>:y^^,  ajKJ' 

1,(W9,742 
1,968,901 
1, 960. 720 
l,40n,312 
1,542,285 
1,4(>0,767 
1,670.320 


From  8  p.  m.  to  9  p.  m \    1, 398. 100 

From  ' 

From 

Fiom 


Op. m.  to  10 p.m. 

10  p.  ra.  to  11  p.  m 

11  p.  m.  to  12  in... 


1, 536, 468 

1,813,030 

%  803, 080 


Bate. 


.finu'  25 — 

Fruiii  12  inidiiij^ht  tu  I  a.  m 

Fruiii  1  a.  m.  to  2  a.  m 

From  2  a.  m.  to  3  II.  ra 

From  3  a.  ra.  to  4  a.  ui 

From  4  a.  m.  to  5  a.  m 

From  5  a.  ra.  to  6  a.  Ill 

From  0  a.  ra.  to  7  a.  m 

From  7  a.  m.  t«  8  a.  in 

From  8  a.  ui.  lo  9  a.  m 

From  0  a.  m.  to  10  a.  m 

From  10  a.  m.  to  11  a.  m  . . . 
From  11  a.  m.  to  12  noon . . . 

Total 


Outflow  per 
hour. 


GaUom. 
1.2.'>3,561 
1,391,678 
1,890,466 
1, 250, 39!» 
1, 388, 163 
1. 386, 950 
1,662,717 
2,07e,12;{ 
1, 790, 843 
1, 794, 9<t:j 
2, 068, 6(KI 
1, 790, 420 


88, 594, 743 


Monthly  measurementB  of  the  consumption  and  waste  of  water  in  the  last  fiscal  year. 


Date. 


Weanesday,  Augiiat  27.  1890 ^  35, 033, 069 


Gallons. 


Monday,  September  8,  18iM) 
Satnrday,  September  27,  18^0 

Tnenilay,  October  28,  1890 

Tuesday,  November  25,  1890  . 
Monday,  December  29, 1890 . . 


36, 679,  672 
36. 470, 882 
34, 7e>l,  656 
35, 989, 643 
38,800,680 


Date. 


Wednesday,  January  28,  1801. 
Thursday,  February  26,  1891  . 
We<lne»day,  March  25,  1891. . . 
Wednesday,  April  29,  1891. . . . 

Wednesday,  May  27,  1891 

Wednesday,  June  24, 1891 ... 


Gallons. 


36, 580, 040 
37,005,601 
36, 845, 901 
37, 614, 544 
36,674,115 
38, 594, 743 


Consumption  and  waste  of  water  as  measured  annually  in  the  latter  part  of  June  of  each 

year  from  1874  to  1S9J,  both  inchmve. 


Tear. 


1874 
187.J 
1876 
1877 
1878 
1879 


Gallons. 


17,554,848 
21,000.000 
24, 177, 797 
23  252, 932 
24. 880,  945 
25,947,642 


•I 


Year. 


1880 
1881 
1882 
1883 
1881 
1885 


Gallons. 


25, 740, 138 
26, 525, 991 
29, 727, 864 
24, 314, 715 
24,  827, 113 
25, 219, 104 


Year. 


Gallon  H. 


18^0 ;  25,542,470 

18>7 '  26, 878,  424 

IShs 29,115,774 

18«'.» I  27, 708,  779 

1890* 35,541,845 

1891 ■  38,594,743 


*Forty -eight  inch  main  added  to  the  supply. 
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CondiHon  of  water  at  Great  Falls  receiving  reeervoir  and  distrihuting  reeenmr  and  height 

of  water  over  dam  at  Great  Falls  for  each  day  in  the  year. 
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Condition  of  water  at  (rreat  Falls  receiving  reservoir ^  etc. — ^Coutiimert. 
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36 

86 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

.  36 

36 

36 

86 

36 

36 

86 

36 

36 

36 

86 

86 

36 

86 

36 

36 

36 

86 

36 

36 

36 

86 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

1.10 
1.10 
1.10 
1.10 

l.iu 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

00 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.00 

■1.00 

1.70 


Condition  of 
water. 


3j   r'  S 

S   b  O 

S   A  O 

(A 


•o  o 
ut. 

■to  9 

58 


o 

s 

Oft 


O 

ce 

■*» 

bo  ill 
•^2.9 


Ph 


o 


5  <p 


» 


June. 


5 

86 

26 

36 

36 

36 

33 

36 

4 

36 

9 

36 

16 

36 

0 

36 

6 

36 

7 

36 

8 

36 

12 

36 

19 

36 

25 

36 

28 

36 

30 

36 

34 

36 

8 

36 

2 

36 

1 

36 

2 

36 

1 

36 

1 

30 

1 

16 

2 

18 

2 

1*0 

5 

24 

6 

27 

10 

33 

8 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

86 

86 

36 

36 

36 

36 

86 

86 

36 

24 

11 

6 

5 

4 

3 

3 

4 

4 

5 

7 


1.60 
l.SO 
1.40 
1.30 
l.:iO 
l.liO 
1.10 
1.20 
1.30 
1.70 
1.00 
1.40 
1.30 
1.20 
1.30 
1.20 
1.10 
1.10 
1.20 
1.20 
1.50 
3.00 
2.30 
2.20 
1.80 
1.50 
1.80 
1.10 
l.QO 
1.00 


Number  of  days  during  the  fiscal  year  1S90-\9J  on  which  the  loate}"  was  clear  or  turhid  at 

the  places  indicated. 


Place. 


Great  Fnll» 

IRecoivin^  re-sorvoir. . . 
IMatribnting  reservoir 


Clear. 


144 
260 

188 


Slii 
turbid^ 


30 
18 
35 


Turbid. 


61 
51 
84 


turbid. 


130 
36 
58 


KOTB. — In  determining  the  condition  of  the  wat^nr  a  inot»11io  tube  witli  gl.ass  ends  is  used.    This  is 

^  filled  with  water^and  the  dist>anue  at  which  a  ball  immiirsed  in  the  wator  can  be  seen  fi'om  one  of  the 

ends  is  noted,    when  it  can  bo  seen  at  a  distance  of  from  22  to  36  inclies  inclusive  it  is  considered 

olear;  firom  15  to  21  inches,  alighUy  turbid;  firom  8  to  14  inohes,  turbid;  and  from  0  to  7  Inchee,  very 

turbid. 
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ApproprialloHs  mathfw  the  Jl^ishington  Aqueduct,  toith  the  date^  of  aoisfor  the  same. 


Bate. 

Amount. 

Bate. 

Amount. 

Bitte. 

Amount. 

Sept.  30, 1850. 

Aug.  81, 1862  (a) 

Mar.  8. 19^9   .... 

$500 

5,000 

100,000 

250,000 

250,000 

1,000,000 

800,000 

500,000 

150,000 

142,584 

12,000 

20,000 

52,500 

1 

Mar.  3, 1800 

$25,000 
120,822 
114,196 
70,566 
14,000 
43,600 
36,400 
26,000 
22,000 
15.000 
15,000 
20,000 
20,000 

MiU-.3,1881 

$20,000 

July  15, 1870  (6)  .... 
Mar.3.1871 

July  1,1882  07) 

Mar.3,1883 

20,000 
20,000 

Mar.8.1856          

June  10, 1872 

Jan.  23, 1873 

1  Mar.  3, 1873  (c) 

June  23, 1874  (<0 

'  Mar.3,1875 

July  81, 1876 

Mar.8,1877 

June  20, 1878 

Mar.8,1870(<') 

June4, 18s«  (/) 

1 

July  5,1884 

20,000 

Auir.  18,1856 

Feb.  25, 1886 

July  9, 1886 

20,000 

Mar.  3. 1857 

20,000 

June  12. 1858  . , 

Mar.  3, 1887 

20,000 

June  25, 1860 

•July  18, 1888  (A)... . 
Mar.2,i889 

20,000 

Ji]1t4.  1864 

20,000 

July  88, 1886 

Aug.  6, 1880  (t) 

Mar.8,1801 

25,500 

I)e&  20.1866       

20,000 

M^av  2.1807 

111  Wl  «  ^  AOWf  .••••...•• 

Jii1t26.1868 

4,050,657 

Note.— Reverted  to  tlie  Treaaurv;  (a)  $2.81,  (b)  $46.25,  (e)  $.'560.87,  (d)  35  cents,  («)  $1,109.87,  (/) 
$881.06,  (g)  $1,354.17,  (A)  $2,266.34,  (i)  $5,500;  total,  $11,221.72.  Tlim  hiuu  being  deductod  from  the 
total  amount  appropriated  (not  inclndlnc  the  last  appropriation)  8howR  the  amount  ($4,019,435.28)  ex- 
pended to  June  80,  1801.  Since  1878  one-naif  the  amounts  appropriated  haye  been  contributed  by  the 
united  States  and  the  other  half  by  tiie  Bistriot  of  Columbia. 

Ab$tract  of  proposals  for  five  pillar  cranes  far  the  jyashington  AquediActy  received  in  re- 
sponse to  circuhir  letter  dated  May  W,  1891,  and  opened  June  4, 1891,  "by  Lieut,  Col, 
Geo,  H,  Elliot,  Corps  of  Engineers, 

1.  The  Yule  and  Towne  Manufacturing  Company  of  Stamford,  Conn. : 

One  crane  with  an  effective  radius  of  13  feet $510.00 

One  crane  with  an  effective  radiuK  of  9  foet 495.00 

One  crane  with  an  effective  radiuR  of  12  feet 500. 00 

One  crane  with  an  effective  radius  of  10  feet 493, 00 

'         One  crane  with  an  effective  radius  of  15  feet 512.00 

Total  amount  of  bid 2,510.00 

Only  bid ;  contract  made. 


DDD  2. 


3a 


^ 
\ 


WATER  SUPPLY,  DISTRICT  OF  COLUMBIA. 
THE  4:8-INOH  MAIN. 

The  work  of  laying  the  48-inch  main,  for  which  $575,000  was  appro- 
priated by  the  act  of  IVFarch  2, 1889,  and  the  laying  of  the  30-inch  main 
on  Capitol  Hill,  which  was  done  by  means  of  the  same  appropriation, 
were  completed  in  the  fiscal  year  1889-'90.  With  the  amonnt  that  re- 
mained of  the  appropriation,  and  as  a  remedy  for  the  loss  of  head  in  the 
liigh  area  in  the  vicinity  of  M,  N,  and  O  streets  NW.,  between  Tenth 
and  Thirteenth  streets,  arising  from  the  small  sizes  and  bad  condi- 
tioaof  thejDistrict's  street  mains,  it  was  decided  to  lay  a  24-inch  main 
in  Bleventfi  street  ISrW.j  between  K  and  U  streets,  and,  for  a  similar 
reason,  and  looking  to  the  fhtnre  of  Capitol  Hill,  it  was  decided  to  lay 
a  new  30-inch  inain  in  New  Jersey  avenue,  between  B  and  L  streets. 

Contracts  were  made  early  in  the  last  fiscal  year  for  the  materials  for 
both  of  these  mains,  and  on  the  3d  of  October,  1890,  sufficient  of  the 
pipe  and  special  castings  had  been  rec»eived  to  warrant  the  commence- 
ment of  laying  the  Eleventh  street  main,  which  was  steadily  carried  on 
until  its  completion,  on  the  14th  of  IS'ovember.  It  is  5,142  feet  or  about 
1  mile  long.  It  connects  at  K  street  with  the  30-inch  main,  at  Massachu- 
setts avenue  with  the  36-inch  main,  at  E  street  with  the  48-mch  main, 
and  at  XJ  street  with  a  12-inch  District  main.    Connections  were  made 
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with  the  District's  distributing  mains  at  all  the  streets  crossed  by  the 
24-inch  main  from  L  to  T  streets,  both  inclusive.  Like  the  48-inch  main, 
it  is  well  provided  with  air  valves  at  the  summits,  viz,  at  XJ  and  N 
streets,  and  on  both  sides  of  the  36-inch  main  at  Massachusetts  avenue. 
A  lO-inch  blow-off  was  placed  at  the  only  valley  on  the  line, -viz,  at  Q 
street,  and  small  air  taps  were  placed  at  M  street  and  in  the  top  of  the 
.*^>-inch  by  24-inch  cross  at  Massachusetts  avenue.  Five  24-inch  valves 
were  placed  in  the  main,  viz,  one  at  U  street,  one  on  each  side  of  the 
48-in('h  main  at  It  street,  and  one  on  each  side  of  the  36-iuch  main  at 
Massachusetts  avenue.  The  supply  to  the  main  is  from  the  48-ineh 
main  at  B  street.  The  main  valve  at  Massachusett^s  avenue,  uorth  of 
the  30-inch  main,  is  to-be  kept  closed  except  in  case  of  fire  or  other  un- 
usual draft  on  the  24-inch  main.  The  gain  in  pressures  in  the  vicinity 
of  the  main  was  very  mai*ked,  as  will  be  observed  in  the  table  appended 
to  this  report  showing  the  pressures  in  pounds  and  the  head  in  feet  on 
Tenth,  Eleventh,  and  Twelfth  streets  before  and  aft^r  the  completion 
of  the  main.  A  plat  of  the  main  showing  the  positions  of  its  connec- 
tions, main  valves,  air  valves,  and  blow-off  valves,  is  herewith. 

The  work  of  laying  the  new  30-inch  main  in  New  Jersey  avenue  was 
commenced  on  the  14th  of  November,  1890,  and  finished  on  the  16th  of 
January,  1891.  It  is  4,410  feet,  or  rather  more  than  three-fourths  of  a 
mile,  long.  It  connects  at  L  street  with  the  48-inch  main  and  at  B  street 
with  both  the  old  30-inch  main  in  B  street  and  the  new  30-inch  main 
leading  through  the  Capitol  grounds  and  Ea«t  Capitol  street  to  Eleventh 
street  east.  Tliis  main  being  entirely  for  the  benefit  of  Capitol  Hill, 
no  connections  were  made  with  the  District's  disti-ibution  system  any- 
where on  its  route.  Air  valves  were  placed  at  B,  I,  and  L  streets  and 
12-inch  blow-offs  at  Dand  K  streets:  608  feet  of  the  line  extending  south- 
erly from  L  street  was  composed  of  364nch  pipes,  turned  over  to  the 
United  States  for  the  ])urpo8e  by  the  Commissioners  of  the  Dis- 
trict of  Columbia.  A  30-inch  valve  was  pla(*ed  at  L  street  and  three 
30-inch  valves  were  placed  in  the  main  and  its  branches  at  B  sti*eet. 
A  30-inch  by  12-inch  Y  was  inserted  in  the  main  at  F  street,  with  the 
12-inch  outlet  laid  to  the  eastward  for  future  use  and  closed  with  a  bon- 
net. The  gain  in  pressures  on  Capitol  Hill  by  the  use  of  tiie  new  main 
is  shown  in  a  table  appended  to  this  report^  and  a  plat  of  the  line  is 
also  herewith. 

When  the  Eleventh  street  main  and  the  New  Jersey  avenue  main,  just 
mentioned,  had  been  completed,  it  was  decided,  as  tiiere  yet  remained 
of  the  appropriation  sufficient  money  for  the  purpose,  to  lay  a  24-inch 
main  in  K  street  NE.,  extending  as  far  as  Eleventh  street.  This  was 
done  for  the  purpose  of  increasing  the  supply  to  northeast  Washington, 
which  is  ra])idly  increasing  in  population,  and  at  the  earnest  solici- 
tation of  the  District  government.  The  necessary  contracts  were 
entered  into  and  the  work  of  laying  the  main,  which  commenced  on  the 
24th  of  April,  1891,  was  completed  on  the  13th  of  June.  It  is  6,760  feet 
or  about  1^  miles  long,  and  is  supplied  through  the  by-pass  at  Kew 
Jersey  avenue  and  L  street  from  the  36-inch  main.  It  passes  down  NTew 
Jersey  avenue  under  its  eastern  foot- way  to  K  street,  in  which,  with  tiiie 
exception  of  the  block  between  North  Capitol  street  and  First  stareet 
east,  it  is  laid  under  the  roadway.  It  crosses  under  the  Baltimore  and 
Ohio  Eailway  between  Seventh  and  Eighth  streets  and  under  the 
Metropolitan  Branch  of  the  same  railway  at  First  street  east.  With  the 
cooperation  of  the  railway  officials,  I  was  able  to  make  such  arrange- 
ments for  these  crossings  that  delays  in  the  regular  passage  of  the  trains 
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were  avoided.  Air- valves  were  i)laced  at  New  Jersey  avenue  and  L 
street,  at  Third  street,  and  at  Eleventh  streets  east.  Twelve-inch  blow- 
ofGs  were  placed  at  Korth  Capitol  street  and  at  Sixth  street  east.  A 
3-inch  blow-off  was  also  placed  400  feet  west  of  First  street  east,  to  drain 
the  water  from  a  depression  that  exists  in  the  block  between  that  street 
and  North  Capitol  street.  Connections  were  made  with  the  District's 
distribution  system  at  all  the  street  intersections  from  First  street 
west  to  Eleventh  street  east,  both  inclusive.  Three  main  valves  were 
inserted  in  the  line,  viz,  one  on  either  side  of  the  provision  for  a  con- 
nection with  the  District's  12-inch  main  at  Fourth  street  east  and  one 
at  Eleventh  street  east.  A  t^ble  showing  the  pressures  in  the  vicinity 
of  the  main  before  and  after  its  completion  and  a  plsEt  of  its  route  are 
herewith. 

In  addition  to  the  foregoing  there  was  completed  early  in  the  last 
fiscal  year  the  following  work  connected  with  the  48-inch  main  that  re- 
mained to  be  done  at  the  beginning  of  the  year,  viz,  filling  over  the  48- 
inch  connection  with  the  auxiliary  gate-house  ana  by-condnlt  at  the 
distributuig  reservoir;  the  construction  of  the  masonry  well  for  the  stop 
timbers  for  controlling  this  connection;  the  completion  of  the  laying  of 
the  new  service  pipes  in  M  street,  Georgetown,  between  Twenty-ninth 
and  Thirtieth  streets,  to  enable  the  service  pipes  connected  with  the  12- 
inch  main,  which  endangered  the  foundation  of  the  48-iiich  main,  to  be 
cut  off;  the  placing  in  Twenty-ninth  street,  just  above  M  street,  of  a 
valve  in  the  old  forcing  main  leading  from  the  west  abutment  of  Bock 
Creek  Aqueduct  Bridge,  under  the  48-inch  main  to  the  high -service  res- 
ervoir on  Boad  street,*  and  the  rebuilding  of  the  Canal  road  of  tJie  por- 
tion of  the  wall  of  the  Chesapeake  and  Ohio  Canal  which  fell  under  the 
weight  of  the  48-inch  pipes  deposited  on  the  side  of  the  road  before  they 
were  laid  in  the  trench. 

The  laying  of  the  24-inch  main  in  K  street  !N'E.  completed  the  work 
under  the  appropriation  of  March  2, 1889,  and,  as  will  be  observed  in 
the  money  statement  at  the  end  of  this  report,  there  is  a  remainder  ot 
the  appropriation  of  $10,669.91  which  can  be  reverted  to  the  Treasury 
to  the  credit  of  the  surplus  fund. 

DeiaUs  of  th^  expenditures  of  the  appropriation  of  f 575,000  March  £,  1889,  for  the  48-inch 

main. 

Water  pipe  (23,250,000  pounds) $282,148.22 

Labor  and  other  eervicis,  including  teams 123, 427. 33 

Special  eastincs  (1,450,000  pounds) 34, 578. 86 

Replacing  asphalt  and  stone  l)lock  ])avements 34, 099. 30 

Valves 20,246.02 

Lead  and  jute 16,306.62 

Opening  trenches  (contract  work) 10, 359. 81 

Efaiiling  pipe,  castings,  and  valves 9, 325. 16 

Tools  and  implemenii  and  repairs  of  same 7, 055. 88 

M  street  bridge  for  48-inch  main 6,629.05 

Lumber 4,221.35 

Cement,  sand,  and  gravel 3, 987. 76 

Brick  and  stone 3,800.29 

Hanling  away  snxplns  earth  (contract  work) 1, 942. 98 

Screen  at  distributing  reservoir 1, 168. 30 

Stationery,  advertising,  and  job  printing 975. 47 

Iron,  nails,  and  spikes 843. 17 

Plumbers'  supplies 717.24 

Traveling  expenses 633. 53 

Forage  and  horseshoeing 513. 13 

*  The  forcing  main  is  not  likely  to  be  used  again  and  the  valve  is  to  be  kept  shut. 
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Coke,  coal,  and  wood $380.46 

Pit^oli,  tar,  and  paint 128.30 

Miscellaneons 841. 86 

Kemainder 10,609.91 

Total c 575.000.00 

The  following  table  shows  the  location  and  lengths  of  mains  laid  by 
means  of  the  a<3t  of  March  2, 1889,  providing  for  the  construction  of  the 
48-inch  main,  and  the  total  lengths  of  these  mains,  viz,  ^,293  feet^  or 
about  8^  miles: 


Siidof  main. 


48-inoh. 

30  inch. 
30-incli. 
24-inch. 
24inch. 
24.inoh. 


Location.  LeDgth 


From  the  dintribntin^  reservoir  to  Fonrth  street  N  W 

East  Capitol  street 5,6»5 

New  Jersey  avenue  NW 4, 410 

Eleventh  street  NW 5,142 

K  street  NE 6,  TflO 

Eighteenth  street,  between  K  and  L  streets  N  W 398 


Fmt. 

23,888 


Total 


22,405 


I 


45,293 


The  following  plans  are  sent  with  this  report: 

Plan  of  24-inch  main  in  Eleventh  street  KW. 

Plan  of  30-inch  main  in  New  Jersey  avenne  NW. 

Plan  of  24-inch  main  in  K  street  NE. 

Plan  of  M  Street  Aqnednot  Bridge. 

Plan  of  the  chambers  under  M  street,  Georgetown,  between  Twenty-ninth  and 
Thirtieth  streets,  containing  the  valves  on  the  48-inch,  36-inch,  and  SO-inch 
mains,  and  the  36-inoh  and  30-inch  valves  on  the  cross  connections. 

The  plans  of  the  4:8-inch  main  and  the  30-inch  main  on  Capitol  Hill 
were  printed  with  the  last  Annual  Report.  The  plans  of  the  Eleventh 
street  l^ew  Jersey  avenue,  and  K  street  east  mains  that  are  herewith 
show  the  positions  of  their  cross  connections  with  the  District's  dis- 
tributing system  and  of  their  main  valves,  air  valves,  and  blow-off  valves, 
etc.,  and  will  be  valuable  for  future  reference. 

I  am  indebted  to  Mr.  Simon  Newton,  chief  clerk,  for  his  untiring 
labor  in  the  preparation  of  the  accounts  of  my  heavy  disbursement^ 
during  the  year;  also  to  my  other  office  employes  and  toMr.Charles  W. 
Cunningham,  foreman  of  laying  mains,  and  to  my  other  foremen,  for 
their  enthusiastic  and  faithful  services.  Mr.  Fitzgerald,  of  the  District 
water  office,  again  rendered  valuable  assistance  in  making  connections 
between  the  new  mains  and  the  District's  distributing  mains. 

The  following  is  a  money  statement  for  the  fiscal  year  ending  June  30, 
1891: 

Jnly  1, 1890,  balance  unexpended $125, 887. 65 

June  30, 1891,  amount  expended  during  fiscal  year 114, 521. 07 

July  1, 1891,  balance  unexpended 10, 866. 58 

July  1, 1891,  outstanding  UabUities 196.67 

.July  1, 1891,  balance  available 10^669.91 

No  estimate  for  further  appropriation  is  submitted. 
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Pressures  obtained  an  Tenthj  Eleventh,  and  Twelfth  streeUi  KW.,  before  and  after  the  lay- 
ing of  the  24Anch  rnain  in  Eleventh  street  NW.  in  October  and  November,  1890, 


Locality. 


Tenth  and  Q  streets 

Tenth  and  P  streets 

Tenth  and  O  streets 

Tenth  and  K  streets 

Tenth  and  M  streets 

Tenth  and  L  streets 

Eleventh  and  L  streets 

Eleventh  and  M  streets 

Eleventh  and  N  streets 

Eleventh  and  O  streets 

Eleventh  and  P  streets 

Eleventh  street  and  Bhode  Island  avenne . 

Twelfth  and  L  streets 

Twelfth  street  and  MassachiiHotts  avenne 

Twelfth  and  M  streets 

Twelfth  and  N  streets 

Twelfth  and  O  streets 

Twelfth  street  and  Hhode  Island  avenne . . 
Twelfth  and  Q  streets 


Before. 

After. 

Gain. 

PonniU. 

Pound*. 

Pounds. 

20 

23 

3 

17 

20 

3 

13 

18 

5 

10 
13 

2M 

n 

10 

24 

5 

12 

20 

8 

9 

15 

6 

«r 

13 

64 

10 

14 

34 

10 
11 

17 
\9k 

7 

11* 

17} 

6 

11 

16 

5 

11 

17 

6 

0 

16* 

6* 

10 

16 

6 

11 

17 

6 

11 

174 

«i 

Gain  of 
head. 


Feet. 
6.9 
6.9 
11.5 
14.9 
17.2 
11.5 
18.4 
13.8 
14.9 
8.1 
14.0 
16.1 
IB.  8 
1L6 
13.8 
14.9 
13.8 
13.8 
14.9 


Pressures  taken  on  Capital  Hill  on  January  IS  and  16,  before  and  Ufier  turning  the  water 

into  the  new  30-moh  main  on  New  Jersey  avenue. 


Locality. 


Second  and  East  Capitol  streets . . 
Third  and  East  Capitol  streets. . . . 
Fifth  and  East  Capitol  streets  — 
Sixth  and  East  Capitol  streets — 
Seventli  and  East  Capitol  streets 
Kinth  axxd  East  Capitol  streets  . . . 
Eleventh  and  East  Capitol  utreets 

First  and  B  streets  east 

Seoond  and  B  streets  east 

Fourth  and  B  streets  e»ifit 

Sixth  and  B  streets  eant 

£i)Khth  and  B  streets  east 


Before. 


Pounds. 

IH 
13 

154 

IG 

19 

18 

17 

194 

154 

17 

14 

17 


After. 

Gain. 

■ 
Pounds. 

Pounds. 

154 

4 

174 

? 

214 

2i 

204 

24 

19 

2 

22 

^ 

174 

2 

19 

2 

17 

3 

194 

24 

Gain  of 
head. 


Feet. 


9.2 
5.8 
4.6 
5.8 
5.8 
5.8 
4.U 
5.8 
4.6 
4.6 
6.9 
5.8 


Pressures  on  K,  L,  and  M  streets  NE,,  before  and  after  laying  of  the  Sd-inch  main  in  K 

street  NE. 


Locality. 


Second  and  K  streets 
Sixth  and  E  streets  .. 
Seventh  and  L  streets 
Sixth  and  L  streets  .. 
Fifth  and  M  streets  . . 
Fifth  and  L  streets  . . 


Before. 

After. 

Gain. 

Pounds. 

Pounds. 

Pounds. 

32 

33 

1 

34 

36 

2 

27 
29 

314 
314 

^ 

15 

21 

6 

28 

31 

3 

Gain  of 
head. 

JPsee. 

2.3 

4.6 
10.8 

5.7 
13.8 

6.9 
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lAst  of  blow-off  valveSf  air  valves,  and  vaeuum  valves  on  the  ffuiin  in  Eleventh  street.  NW,, 
on  the  new  main  in  New  Jers^  avenue  NfF.,  and  on  the  main  in  K  street  NE, 


Location. 


Blow-off  valTes: 

Eleventh  and  Q  streot«  KW 

New  Jersey  avenue  and  K  street  N\V. 
New  Jersey  avenue  and  1)  street  K\V. 

K  and  North  Capitol  atreeta 

On  K  street  between  North  Capitol 

street  and  First  street  east 

K  and  Sixth  atreeU  N]S 

Airvidves: 

Eleventh  and  17  BtreeUNW 

Eleventh  and  N  streets  NW 

Eleventh  and  M  streets  NW 

Eleventh  and  Haaaachnaetta  avenue 

NW 

Eleventh  and  Massachusetts  avenue 

NW.  (2  valves) 

New  Jersey    avenue  and    L  street 

NW.  (2  valves) 


Sixe. 


InduM. 

10 
12 
12 
12 

3 
12 

4 
4 
1 

8 


Location. 


Air  valves:  ^^ 

New  Jersey  avenue  and  I  street  NW  . 

New  Jersey  avenue  and  B  street  N  W. 

K  and  Third  streets  NE 

K  and  Eleventh  streets  NB 

3- inch  vacuum  valves: 

Eleventh  and  U  streetaNW*. 

Eleventh  and  N  streets  NW 

Eleventh  and  Massachusetts  avenue 
<2  valves) 

New  Jersey  avenue  and  L  street 
NW.  (2  valvee) , 

New  Jersey  avenue  and  I  street  NW  . 

New  Jersey  avenue  and  B  street  ISTW . 

Kand  Third  streets  NE 

K  and  Eleventh  streets  NE 


Size. 


Inche$. 

4 
4 
4 
4 


Note.— A  12-inch  blow-off  valve  was  placed  on  the  old  30-inch  main  in  New  Jersey  avenue  at  D  street 
NW.  All  the  4-inoh  air  valves  open  downward,  so  that  being  always  kept  a  little  open  they  prevent 
accumulations  of  air  at  the  summits  of  the  mains. 

List  of  main  valves  placed  in  the  main  in  Eleventh  street  NW,,  in  the  new  main  in  New 

Jersey  avenue  NW,,  and  in  the  main  in  K  street  NE. 


Location. 


K-ineh  valv*. 

New  Jersey,  avenue  and  L  street  northwest. 

SO-ifu^  valvM. 

New  Jersey  avenae  and  B  street  northwest  (8 
valves). 


Location. 


944nch  valveg. 

Eleventh  and  IT  streets  northwest. 
Eleventh  and  B  streets  northwest  (2  valves). 
Eleventh  and  Massachusetts  avenue  northwest, 

(2  valves). 
K  and  Fourth  streets  northeast  (2  vtdves). 
K  and  Eleventh  streets  northeast. 


Abstract  of  proposals  for  cast^ron  water  pipe  and  special  castings  received  in  response  to 
advertisement  oy  circular  letter  dated  June  19, 1890,  aivd  opened  July  1, 1890,  by  Lieut. 
Col,  George  H,  Elliot,  Corps  of  Engineers. 

ABSTRACT  FOB  STRAIGHT  PIPE. 


No. 

Name  and  address  of  bidder. 

Siss. 

Price  per 
ton. 

Total 

amount  of 

bid. 

1 

Gloucester  Iron  Works,  of  Philadelnhia.  Pa 

24  and  80 

12 

10 

6 

4 
8 

«27.56 
27.48 
27.78 
28.21 
28.  &8 
82.29 
26.80 
26.40 

« 

2 

Mellcrt  Foundry  and  Machine  Co.  (limited),  of  Rcadinc,  Pa . . 

186.100.77 
*3S,09L38 

8 

Camden  Iron  Works,  of  Philadelnhia.  Pa 

8^507.68 

1 

*  Contract  made.    The  lowest  bid  did  not  comply  with  the  specifications  in  respect  of  time  of  oom- 
plotion. 


in  i\i 
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Jhstract  of  pro2)08ah  far  cast-iron  water  pipe  and  special  oastitiga,  etc. — Coulii^ucd. 

ABSTRACT  FOR  SrECIAL  CASTINGS. 


So. 

Name  and  addreaa  of  bidder. 

Description. 

Price. 

Totrtl 

amoiiut  of 

bid. 

1 

Oloncester  Iron  Works,  of  Philadelphia,  Pa 

Camden  Iron  "WorkR.  of  PhilodelnhiA,  Pa 

Y  branches 

■ 

Per  lb. 
$0.05 

.041 

.03 
.02i 

.031 

.03 
.05 
Per  ton. 
$60.00 

52.50 

52.40 

» 

24,  30,  and  36  inch 
straight  branches 
and  turns 

Branches  and  bends 

below  24-inch 

Sleeves 

$3,989.07 

Yalve  casings  and 
covers 

Manhole  thanes  and 
covers 

2 

All  flange  work 

3,000.00 

2,625.00 

*2,e20.00 

8 

McNoal  Pipe  and  Foundry  Co.,  of  Burlington. 

4 

Melleit  Fonndry  and  Machine  Co.  (limited),  of 
Beadincr.  Pa 

*  Lowest  bid;  contract  made. 


Abairaot  of  proposals  for  hauling  pipe,  special  oastingSf  an4  valves  received  in  response 
to  oiroular  fetter  dated  Jul^  1,  2890,  and  opened  July  11, 1890,  by  Lieut  Col.  George  H, 
ElUot,  Cofps  of  Engineers, 


No. 


1 
2 


Name  and  address  of  bidder. 


George  W.  Knox,  of  Washington,  D.  C 

Springraaun  &  Brother,  of  Washington,  D.  C . 


Price  per 
ton. 


Cents. 

*7u 
72 


Total 

amount  of 

bid. 


1840.00 
864.00 


*  Lowest  bid;  contract  made. 


Abstract  of  proposals  for  X44nch  water  pipe  and  special  castings,  received  in  response  to 
circular  letter  dated  February  19, 1891,  and  opened  March  S,  1891,  by  Lieut,  Col,  Oeorge 
H.  Elliot,  Corps  of  Engineers. 

ABSTBACT  FOE  24INCH  PIPE. 


No. 

Name  and  address  of  bidder. 

Price  per 
ton. 

Total 

amount  of 

bid. 

1 

Camden  Iron  W  orks,  of  Philadelphia.  Pa 

*$23  80 

$18,492.60 
18,982.11 
19,891.20 
20.007.75 

2 
3 

4 

Howard  Harrison  Iron  Company,  of  Bessemer,  Ala 

Mellort  Fonndry  and  Machine  Compan v,  limited,  of  Beading,  Pa 

Gloucester  Iron  Works,of  Gloucester  City,N.  J 

24.43 
25.60 
25.75 

ABSTRACT  FOR  SPECT^VL  CASTINGS. 

Camdon  Iron  Works,  of  Philadelphia,  Pa , 

Howard  Harrison  Iron  Company,  of  liessemer,  ALi 

Mellert  Foundry  and  Machine  Company,  limited,  of  Reading,  P:i 

Glonoester  Iron  Works,  of  Gloucester  City,  N.  J 

*  Lowest  bid;  contract  made. 


1 
2 
3 
4 


*23.80 
.54.93 
50.00 
90.00 


595.00 
1,  Srj.  25 
1,250.00 
2,250.00 
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Absiract  of  proposals  far  hauling  pipe,  special  castings,  and  valves  revet  red  in  response  fo 
circular  letter  dated  March  6,  1891,  and  opened  March  11, 1891,  by  Lieut,  Col.  George 
H.  Elliot,  Corps  of  Engineers. 


No. 


1 
2 


Kome  and  addresft  of  bidder. 


George  W.  Knox,  of  WaHliiufftoii,  D.  C 

Springroann  Si,  Brother,  of  WaHhingtoD,  D.  C. 


Price 
per  ton. 


Total 

anion  nt  of 

Ud. 


*  Lowest  bid;  coutract  uiadt.'. 


D  D  D  3. 

INCREASING  THE  WATER  SUPPLY  OF  WASHINGTON,  DISTRICT  OF  CO- 
LUMBIA. 

This  work  was  commenced  under  an  appropriation  made  in  the  aet  of 
Congress  approved  July  15,  1882. 

The  plan  consisted  of  raising  the  dam  in  the  Maryland  channel  at  the 
Great  Falls  of  the  Potomac  to  an  elevation  of  148  feet  above  mean  tide 
at  the  Washington  navy-yard,  and  its  extension  at  that  height  a<^ro8s 
Conn's  Island  and  the  Virginia  channel  of  the  river;  extending  tlie 
.  Washington  Aqueduct  from  the  distributing  reservoir  above  Georgetown 
ot  the  site  selected  for  the  new  reservoir  near  Howard  University  by  a 
tunnel  20,696.3  feet  long;  constructing  at  the  tunnel  outlet  a  new  res- 
ervoir of  about  300,000,000  gallons  capacity,  and  connecting  this  reser- 
voir by  a  new  line  of  large  mains  with  the  existing  system  of  water 
mains  in  the  city  of  Washington. 

All  operations  on  this  project  are  suspended,  and  no  work  has  been 
done  under  it  during  the  year. 

The  timber  lining  of  the  Foundry  Branch  shaft,  whicih  had  be<*ome 
decayed,  gave  way  last  fall  during  a  rainy  i)erio<l  to  a  dei)th  of  about  30 
feet  below  the  surface  of  the  ground  (or  to  the  point  where  the  shaft, 
entered  the  rock),  and  the  broken  timber  and  supported  earth  fell  to 
the  bott-om  of  the  shaft,  tilling  it  to  an  unknown  depth. 

The  falling  of  the  lining  at  this  shaft  led  to  an  examination  of  all  the 
other  shafbs  except  Eock  Creek  shaft,  and  it  was  foimd  that  the  upper 
part  of  the  lining  of  each  of  them  should  be  renewed  for  the  purpose  of 
preventing  damage  to  the  shafts  as  at  Fouudiy  Branch. 

Rock  Creek  shaft  is,  and  has  been  for  a  long  time,  tilled  with  water, 
so  that  it  is  probable  that  the  timbering  in  it  has  not  decayed. 

The  work  of  renewing  the  lining,  which  could  not  be  done  in  winter 
when  tlie  ground  around  the  sliafbs  was  saturated  with  water  on  ac- 
count of  the  danger  of  slips,  was  commenced  in  March,  and  ha^s  been 
X>rosecute(l  as  fast  as  the  weather  would  allow  till  the  end  of  the  fiscal 
y(^r,  wlien  the  lining  of  the  Foundry  Brancli  shaft  had  beeft  completeil 
and  the  one  at  Champlain  avenue  had  been  nearly  completed.  The 
work  c^onsisted  in  making  an  entirely  new  lining  of  tlie  best  quality  of 
Georgia  pine,  either  from  the  surface  of  the  rock  or  fi'om  the  top  of  the 
brick  lining  that  had  been  (liUTied  at  the  west  shaft  near  th(*  distribut- 
ing reservoir  to  a  depth  of  about  10  feet,  and  at  tlu*  Howard  Tui  v<»rsity 
shaft  to  a  dei)th  of  about  23  feet  below  the  surface^  of  the  ground.  The 
.  lining  of  the  Foundry  Branch  and  Cliamplain  avenue  vshatla  are  entirely 
of  wood.    It  is  expected  that  the  work  at  all  the  shafts,  except  Hock 
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Creek  shaft,  which,  as  before  stated^Js  filled  with  water,  will  be  entirely 
completed  early  in  this  fiscal  year. 

Several  reports  on  the  salt  against  the  United  States  in  the  Coui't  of 
Claims  by  Maloney  and  Gleason  have  been  made  during  the  year. 

A  watchman  has  been  employed  during  the  year  at  the  new  reservoir, 
and  it  being  found  that  the  piles  of  stone  at  the  mouths  of  the  shafts 
which  have  a  market  value  and  should  be  reserved  for  the  use  of  the 
United  States  and  the  District  of  Columbia  for  the  repairs  of  roads, 
was  being  depredated  upon  by  contractors  for  private  work,  his  duties 
have  included  the  guarding  the  stone  at  the  mouths  of  all  the  shafts, 
except  the  one  at  Foundry  Branch,  which  is  under  the  care  of  the  watch- 
man at  the  distributing  reservoir. 

The  following  is  a  list  of  appropriations  for  this  work,  with  date  of 
act  for  the  same ; 

July  15,  1882 $1,485,279.30 

July  7,  1884 87,500.00 

March  3,  1885 87.500.00 

March  26,  1886 5,000.00 

August  4,  1886 » 555,000.00 

March  30,  1888 , 355,000.00 

Total 2,575,279.30 

The  following  is  a  money  statement  for  the  fiscal  year  ending  June 
30,  1891 : 


Title  of  appropriation. 


Amonnt 

unex- 
.pended, 
July  1,  ' 
1890. 


Jjaod  to  extend  aqueduct 

Extension  of  aqaedact 

Main  connections 

Land  for  reservoir 

Constracting  reservoir  and  guie  hnase  . . 
Water  rigiits  and  land  to  extend  dam  at 

Great  Falls 

Completion  and  extension   of  dam    at 

Great  Falls 


Amonnt 
expended 
during  fis- 
cal yeAr, 
June  30, 
1891. 


$24,990.49 

276,229.00 

1, 089.  J  8 

173. 09 

83,739.13 

44,882.04  j. 

4,665.52  j. 


Balance 
unex- 
pended, 
July  1, 
18k. 


$2, 261. 75 
''554.' 32" 


-A-ggregate 4.36,608.54 


2,816.07 


$24, 930. 49 

273. 967. 34 

1, 980. 18 

173, 09 

83,184.81 

44,882.04 

4,665.52 


43.1,  792. 47 


Outstand- 
ing liabili- 
ties, July 
1, 1891, 


$1, 183. 18 


148.64 


Amount 

available 

July  1, 


uy  1 
891. 


$24, 930. 49 

272,784.10 

1, 9K9. 18 

173.  09 

83, 036. 17 

'44,882.04 

4, 665. 52 


1,331.82 


432,460.65 


'So  estimate  for  further  ai)pro])riatioii  is  submitted. 


,       D  D  D  4. 


ERECTION  OF  FISHWAY8  AT  GREAT  FALLS. 

Plans  and  specifications  for  a  new  system  of  fishways,  the  first  of 
which  is  to  be  erected  at  Great  Falls,  having  been  prepared  by  the  Com- 
missioner of  Fish  and  Fisheries  as  contemplated  by  the  act  making  a])- 
propriations  for  the  fishways,  proposals  for  their  construction,  which 
had  been  extensively  advertised  for,  were  opened  on  the  1st  of  June, 
]8J)J.  Mr.  Isaac  H.  Hathaway,  of  Philadeli)hia,  Pa.,  was  the  only  bid- 
der, and,  with  the  approval  of  the  Chief  of  Eugineers,  a  contract, which 
ENa  91 245 
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is  to  be  finished  on  or  before  the  12th  of  November,  1891,  was  entered 
into  with  him  on  the  9th  of  the  saine  month. 

The  plans  and  sperifications  appear  to  be  judicious  and  well  adapted 
to  the  site  of  the  work,  which  is  doubtless  moj e  difficult  than  any  other 
to  which,  if  successful,  they  are  likely  to  be  a])plied  in  this  country. 

By  direction  of  the  Secretary  of  War  the  constniction  will  be  carried 
on  under  the  direction  of  the  Commissioner  above  mentioned,  the  engi- 
neer officer  in  charge  being  held  responsible  only  for  the  proper  protec- 
tion of  the  Aqueduct  Dam  at  Great  Falls  and  for  the  disbursement  of 
the  funds  appropriated. 

The  only  expenditures  during  the  year  were  for  advertising  and  the 
printing  of  the  plans  and  specMcations. 

The  appropriations  for  this  work  to  date  are  as  follows: 

Act  of  July  15, 1882 $50,000,00 

Act  of  February  1, 1888 25,000.00 

Total 75r000.00 

Total  disbopsements  to  June  30,  1891 45,125.82 

Balance  unexpended ^ : 29,874.18 

The  following  is  a  money  statement  foi*  the  fiscal  year  ending  June 
30,  1891 : 

July  1, 1890,  balance  unexpended $30,020.32* 

June  30,  1891,  amount  expended  during  fiscal  year 146. 14 

July  1,  1891,  balance  unexpended 29, 874. 18 

July  1,  1891,  amount  covered  by  uncompleted  contract  (about) 28, 530. 32 

July  1,  1891,  balance  available 1,353.86 

The  Commissioner  of  Fish  and  Fisheries  is  of  the  ojtinion  that  in  ad- 
dition to  the  funds  available  the  sum  of  $15,000  will  be  required  to  com- 
plete the  fishway  at  Great  Falls,  and  <an  estimate  for  ^  appropriation 
of  this  amount  is  recommended  and  submitted. 

Abstract  of  proposals  for  constrariion  offishways  at  Great  Fafls  of  the  Potomac,  receited 
in  response  to  advertisement  d<itcd  Afay  1,  isyi,  and  opened  June  1,  lS91y  by  Licni.  Col. 
George  H.  Ellioty  Corps  of  Engineers. 

1.  Isaac  H.  Hathaway,  of  Philadclpliia,  Tu. : 

Kjirth  excavation per  cubic  yard..  $0.85 

Solid  rock  excavation do 4. 00 

Ho  wider  excavation do 3. 00 

Concrete  masonry do 7.50 

Riprap '. r do 2.00 

Snperatnn-ture  of  section  2 3, 100. 74 

Superstructure  of  section  3^ 2, 960. 44 

Superstructure  of  section  4 3, 150. 03 

Superstructure  of  section  5 7, 382. 43 

Reconstructing  section  6 4^  900. 87 

Rubble-stone  masonry  in  section  1 : per  cubic  yard. .  12. 00 

Timl)er  and  lumber  in  section  1 per  M  feet,  13.  M . .  130. 0(» 

Cast  iron  in  section  1 per  pound/.  .  7" 

Wrought  iron  and  stt'cl  in  section  1 do .  ] 

Rubble  stone  uiasoury,  not  including  section  1 per  cubic  yard. .  6. 

Coping  in  entire  work do 80. 

Timber  and  lumber,  not  included  in  superstructures  of  sections  1, 2, 3, 

4,  5,  and  t> per  lyi  feet,  B.  M . .  65. 

Wrought  iron,  steel,  etc.,  not  inclnded  in  superstrnctures  of  sections 

1, 2,  3, 4, 5,  and  (I per  pound. . 

Total  auHMiut  of  hid,  estimating  the  quantities  as  per  specifications..  31,5IOh. 

Only  bid;  contract  made.     Amount  limited  to  funds  available. 


APPENDIX  £  E  B. 


IMPROVEMENT  AND  CARE  OF  PUBLIC  BUILDINGS  AND  GROUNDS  IN  THE 
DISTRICT  OF  COLUMBIA— WASHINGTON  MONUMENT. 


REPORT  OF  COLONEL  OSWALD  JBT.  ERNST.  U,  S,  A.,  OFFICER  IN  CHARGE, 

FOR  THE  FISCAL  YEAR  ENDING  JUNE  SOy  1891. 


Office  op  Public  Buildings  and  Grounds, 

Washington^  B.  0.  July  lOy  1891. 

General:  I  have  the  liouor  to  submit  the  following  report  of  opera- 
tions ui>on  public  buildings  and  grounds  under  the  CMef  of  Engineers 
in  the  District  of  Columbia,  including  the  care  and  maintenance  of  the 
Washington  Monument,  during  the  fiscal  year  ending  June  30, 1891 : 

MAINTENANCE  OF  IMPROVED  PARKS. 

The  care  required  to  maintain  the  various  improved  parks  and  park 
places  in  good  condition  has  been  extended  during  the  year.  The  op- 
erations have  consisted  in  mowing  and  raking  lawns  and  destroying 
weed  growth  upon  them,  scuffling,  raking,  dressing,  and  rolling  gravel 
walks  and  edging  their  margins,  cleaning  gutters  and 'drain  traps, 
pruning  trees  S.nd  shrubs  and  removing  web  caterpillars  and  bag  worms 
from  them,  maintaining  pavements  and  asplialt  roadways  and  walks  in 
a  cleiuily  condition,  trimming  and  caring  for  flower  beds  and  inclosing 
them  with  light  wire  fences  where  necessary.  In  the  autumn  some  of 
the  beds  were  planted  with  early  spring  flowering  bulbs  and  others 
with  chrysanthemums  for  fall  blooming.  In  May  and  June  the  beds 
and  varies  were  stocked  with  flowering  and  ornamental*  foliage  plants 
for  summer  decoration  and  the  basins  of  fountauis  were  planted  with 
water  lilies. 

GROUNDS  SOUTH   OF  EXECUTIVE  MANSION. 

■ 

Worn  portions  of  the  oO-foot  roadway  around  the  central  ellipse  in 
these  grounds  were  resurfaced  during  the  year,  637  cubic  yards  of  un- 
screened gravel  having  been  used  for  the  purpose.  A  nuniber  of  young 
trees  and  slirubs  were  planted  to  fill  vacancies  in  some  of  the  groups, 
and  they  were  staked  and  wired.  A  wagon  shed  was  erected  in  the 
rear  of  the  President's  stable,  located  within  the  grove  of  trees  in  the 
northwest  corner  of  the  grounds. 
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WASHINGTON  NATIONAL   MONUMENT. 

« 

The  momiuient  hius  been  open  to  visitors  daily,  Sundays  and  holidays 
excepted,  and  the  elevator  has  been  nin  every  day  that  the  nioiiumeut 
was  open,  with  the  exception  of  one  day,  July  1, 1S90,  when  the  old  sup- 
l)ly  of  fuel  had  been  exhausted  and  a  new  sui)i>ly  luider  the  new  approi>ri- 
ation  had  not  yet  been  delivered,  and  four  and  one-half  days  iu  Septem- 
ber— 25  to  30 — when  it  became  necessary  to  stop  running  thecar  for  the 
])urpo8e  of  making  repairs.  IVIontlily  insi)ections  of  the  elevator  and  its 
machinery  were  made  by  an  agent  of  the  builders,  and  daily  inspections 
were  made  by  the  emi^Toy^^s  at  the  monument  before  starting  to  CHixy 
])assengers.  There  were  151),1(W)  visitors  to  the  top  of  the  shaft  during 
the  year,  of  which  number  113,149  inade  the  ascent  in  the  levator  and 
46,011  by  the  stairway,  making  a  total  of  450,305  persons  wlio  have 
visited  the  top  since  the  monument  was  opened  to  the  public  ou  October 
t>,  1888.  The  grooves  in  the  main  sheave  at  the  top  of  the  sluiilb,  worn 
by  the  wire  ropes  attached  to  the  car,  were  turned  out,  the  safety  ap- 
l)liances  were  overhauled,  cleaned,  and  replaced,  and  anew  battery  for 
oi>erating  the  annunciator  in  car  was  placed  in  position.  Minor  car- 
.  pentry  repairs  were  made  as  needed,  and  the  usual  care  required  to 
maintain  the  interior  of  the  shaft  and  its  surroundings  in  a  ne^it  condi- 
tion wad  extended.  Numerous  acts  of  vandalism  occurred  doling  the 
year,  and  arrests  were  made  whenever  the  perpetrators  were  detected. 
These  acts  consist  principally  in  writing  upon  the  walls  and  chipping 
pieces  from  the  memorial  blocks.  The  most  flagrant  acts  of  this  charac- 
ter were  the  breaking  of  a  letter  fiom  one  of  the  memorial  stones  and 
the  removal  of  one  of  the  silver  letters  from  the  "Nevada"  stone- 
New  wire  for  the  service  of  the  electric  lamps  was  nm  b' "^a em  the 
lower  floor  and  the  100-foot  landing  and  new  lamps  put  up.  The  lu^ater 
])ipes  on  lower  floor  of  shaft,  and  the  boiler  and  pipes  in  iCvlge,  v^re 
given  a  coat  of  asphaltum,  and  the  boiler  in  lodge  was  overhaule<l,  new 
valves  and  water-gauge  glass  put  on,  and  a  new  trap  placed  in  floor  of 
boiler  pit  to  prevent  flooding  by  backwater  from  main  sewev  dniing 
storms.  The  tin  roof  covering  of  this  lodge  wa«  repaired  and  rf  paiated. 
During  a  severe  windstorm  on  December  17,  nearly  one-hLif  of  the 
copper  covering  of  roof  of  engine  house  was  torn  up  and  so  bent  and 
twisted  as  to  require  replacing  with  new  materials.  The  necessary  re- 
pairs were  made  and  the  roof  repainted.  The  piston  rods  of  elevator 
engine  were  repacked,  the  crank  pin  boxes  of  dynamo  engine  rebab- 
bitted  and  each  of  the  two  armatures  of  dynamo  fitted  with  a  new  com- 
mutator. The  boilers  were  maintained  in  good  condition,  a  new  steam- 
tube  cleaner  purchased  for  their  use,  some  new  joints  made  upon  the 
main  steam  pipe  between  boilers  and  engines,  and  part  of  the  drain 
from  boiler  house  was  taken  up,  cleaned  and  relaid. 

WASHINGTON   MONUMENT   GROUNDS. 

The  work  of  grading  the  low  grounds  north  of  the  shaft  has  been 
(M)ntinued  during  the  yi^ar  and  satisfactory  progiess  has  been  made,  the 
rough  grading  being  nearly  ct^mpleted.  The  greater  portion  of  the  fill- 
ing us^  in  tliis  work  has  been  obtained  without  cost  to  the  TJnite<] 
States,  about  25,087  cubic  yards  of  earth  and  clay  having  been  recei veil 
fi'om  various  contractors  who  found  this  park  a  convenient  dumping 
phu'/C.  Some  material  for  this  grading  was  also  received  from  work  ir 
progress  upon  other  ])ortions  of  the  j)nblie  j^rrounds.  About  ^60  cubic 
yards  of  gravel  and  320  loadvS  of  brii-kbats,  old  concrete^  etc.,  were  also 
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received  fiom  various  ])eisoii8,  without  cost,  aiul  piled  for  fiiture  use  in 
constructing  roads  and  walks.  Portions  of  the  ground  along  roadway 
south  of  lodge  house,  and.  2  manholeSj  were  raised  to  conform  to 
grade,  and  the  work  of  constructing  the  new  roadway  connecting  the 
monument  with  main  roadway  on  west  side  of  grounds  was  completed, 
the  ground  borderiiifr  the  same  graded,  seeded,  and  part  of  it  sodded; 
1,480  linear  feet  of  cobblestone  gnttcrs,  2^  feet  wide,  were  constmcted 
along  the  margins  of  this  roadway,  11  additional  brick  drain-traps  built, 
aiifl  150  feet  of  6-inch  and  245  feet  of  8-in«h  terra  cotta  drain-pipe 
laid  to  connect  them  with  the  main  drain.  A  new  roadway  noi-th  of 
the  monnment,  to  connect  with  that  on  the  west,  was  outlined,  and  975 
linear  feet  of  it  excavated,  bottomed  with  broken  stone  and  brick,  and 
covered  witli  a  first  coating  of  gravel,  and  the  ground  on  the  south  side 
of  the  roadway  was  given  a  coating  of  comx)ost  and  soil  to  finish  the 
grade,  about  324  cart  loads  of  material  being  used  for  the  purpose.  A 
new  walk  was  also  constructed  commencing  on  the  north  side  of  the 
monument  and  running  northwest  to  the  roadway  opposite  tiie  carp 
ponds,  and  an  asphalt  pavement  covering  an  area  of  377  square  yards 
was  laid  upon  the  same.  The  soil  excavated  in  constructing  this  new 
walk  was  used  in  surfacing  trespass  paths  across  the  lawns,  which  were 
then  sown  down  in  grass  seed. 

GREENHOUSES  AND  NURSERY. 

There  are  IG  greenhouses  in  the  nursery  grounds,  numbered  uom  1 
to  16,  and  covering  an  area  of  24,787  square  feet.  House  No.  16  was 
constructed  during  the  fiscal  year.  It  is  to  be  used  as  a  propagating 
house;  is  120  feet  Jong,  12  feet  wide,  and  9 J  feet  high;  the  brick  walls 
are  4i  feet  high  and  9  inches  thick;  the  house  is  heated  by  a  brick 
furnace  at  each  end,  with  the  necessary  iron  and  terra  cotta  hot-air 
flues.  The  other  buildings  in  the  nursery  grounds  are  2  brick  pot- 
ting sheds,  7  frame  buildings  used  as  shops  and  storehouses,  1  large 
lath  house  used  for  storing  plants  in  summer,  and  2  open  sheds. 
There  are  also  648  feet  of  cold  frame,  6  feet  wide.  One  of  the  seven  firame 
buildings  was  constructed  duriug  the  fiscal  year.  It  is  a  2-8tory 
structure,  35  feet  long,  25  feet  wide,  and  16  feet  high;  the  first  story 
will  be  used  for  storing  coal,  and  the  second  as  a  carpenter  shop  and 
storeroom.  The  building  was  not  quite  completed  at  the  close  of  the 
fiscal  year,  the  work  remaining  to  be  done  consisting  of  the  lajing  of 
the  wooden  floor  of  the  first  story  and  the  shiugUng  of  the  south  side  of 
roof.  Necessary  repairs  were  made  to  the  several  greenhouses  during 
the  year.  The  entire  superstructure  of  house  No.  5  was  remove<l,  and 
rebuilt  with  new  material,  and  the  brick  foundation  walls  rei)aired.  In 
9  of  the  greenhouses  1.514  linear  feet  of  old  staging  3  and  4  feet  wide 
was  torn  out  and  replaced  with  new  material;  121  fec^t  of  new  sills,  152 
feet  sheathing,  200  feet  of  beading,  22  n<*w  side  posts,  and  2  new  rafters 
put  in;  744  feet  of  grooved  strips  placed  on  rafters  to  prevent  drip,  and 
36  posts  and  100  teet  of  7-inch  gutter  repaired.  The  brick  walls  of  4 
greenhouses  were  reixrinted,  and  five  houses  were  reglazed;  in  houses 
numbered  1  and  2  the  brick  arches  and  flues  of  2  boilers  were  opened, 
cleaned,  and  the  brickwork  rebuilt,  and  a  brick  and  stone  water  tank 
20  feet  long,  4  feet  wide  and  14  inches  deep,  built  across  the  ends  of 
the  houses  for  use  in  wintering  aquatic  plants.    The  roof  of  house  No. 

9  was  bra(M»d  with  190  feet  of  three  quarter-inch  iron  rods.    House  No. 

10  was  provided  with  10  new  rafters,  32  rabbeted  strips,  and  200  feet 
of  12-inch  ridge  boards;  and  4  brick  piers  to  8npi)ort  hot-water  pipes 
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wore  built  in  house  No.  13.  The  flues  of  all  boilers  and  furnaces  were 
opened  and  cleaned;  leaky  joints  on  hot-water  pipes  recalked;  all  re- 
repaired  woodwork  in  the  several  greenhouses  was  given  3  coats  of 
•  paint,  and  2,400  linear  feet  of  additional  shelving  for  the  accommoda- 
tion of  bedding  plants  put  up.  An  entire  new  framework  was  placed 
on  a  brick  pit  75  feet  long  and  6  feet  wide;  a  plant  bench  33  feet  long 
and  6  feet  wide  oonstnieted ;  1,200  square  feet  of  the  tin  roof  covering  of 
potting  sheds,  and  234  feet  of  cold  frame  0  feet  wide  repaired;  4  large 
frame  storehouses  and  shops,  and  304  linear  feet  of  paling  fence  given 
two  coats  of  insecticide  wash;  and  18  plant  tubs  and  515  plant  boxes 
constructed.  In  January  the  brick  chimney  of  one  of  the  potting  sheds 
fell,  doing  some  damage  to  two  adjoining  greenhouses;  the  chimney 
was  icbuilt  and  the  damage  repaired. 

During  the  autumn  of  1800  about  7,000  chrysanthemums  were  sent 
out  for  planting  in  the  various  parks.  There  were  planted  in  the  green- 
houses, for  winter  bloom,  1,484  roses,  1,116  smilax,  210  heliotrope,  2,752 
carnations,  424  begonias,  441  alyssum,  70  rose  geraniums  and  69  abu- 
tillcms,  a  total  of  6,575  plants,  and  for  winter  forcing  there  were  x>otted 
and  boxed  2,121  ^koman  liyacinths,  1,568  narcissus,  5,000  convaUaria 
majallis,  2,000  Dutch  hyacinths,  2,500  tulips,  500  scilla  siberioa^  210 
clumps  of  spirea  japonica,  and  3,560  miscellaneous  bulbs;  in  all,  17,459. 
For  early  spring  bloom  there  were  planted  483  lilium  auratum  bulbs,  and 
in  the  cold  frames  800  violets  and  497  pansies.  Thei^e  were  x>iircha8ed 
during  the  year  1,365  plants  for  the  greenhouses  and  49,700  bulbs  for 
setting  out  in  the  parka  and  as  stock  for  the  nursery.  During  the  win- 
ter and  early  spring  mouths  about  402,000  oinamcntal  foliage  and  flow- 
ering plants,  divided  into  330  viuieties,  were  propagated,  nearly  all  of 
which  were  set  out  in  the  parks  during  May  and  Junp. 

In  the  nursery  the  grounds  were  maintained  in  a  neat  and  cleanly 
condition,  attention  bestowed  upon  the  stock  growing  therein,  and  nec- 
essary transplanting  done  as  required ;  277  young  trees  and  346  flower- 
ing shrubs  were  purchased  and  s(»t  out  in  nursery  rows  for  acclimatiou 
bcSbre  final  planting  in  the  public  grounds.  During  the  year  217  young 
trees  and  1,189  shrubs  were  lifted  and  planted  in  various  parks.  There 
were  planted  in  the  nursery  for  stock,  7,883  carnations,  500  geraniums, 
420  acacias,  465  acquilegias,  1,082  tropical  and  465  bedding- plants,  and 
the  following  bulbs:  3,500  tuberose,  520  gladiolas,  300  cannas,  and  90 
dahlias;  the  privet  hedge  along  the  west  boundary  was  pruned,  100 
feet  of  arbor  vitae  hedge  planted  at  northwest  corner  of  grounds,  and 
13  flower  beds  on  the  lawn  in  front  of  north  fence  were  planted  in  May; 
162  teet  of  2-inch  and  80  feet  of  IJ-inch  galvanized  iron  waterpipe  were 
laid  in  the  grounds  to  afPord  additional  irrigating  facilities. 

SMITHSONIAN  OBOUNDB. 

The  area  of  asphalt  pavement  in  this  park  was  extended  by  the  con- 
struction of  1,824  square  yards  of  asphalt  roadway  and  320  square 
yards  of  asphalt  footwalk  upon  the  gravel  roadway  leading  from  the 
west  end  of  Smithsonian  Institution  to  the  park  entrance  at  Tenth  and 
B  streets,  NW.,  the  gravel  excavated  in  preparing  for  this  work,  aboui 
450  loads,  was  used  in  resuifacing  worn-down  portions  of  other  road- 
ways in  the  park.  A  new  gravel  walk  was  constructed  near  the  Ninth- 
street  entrance  on  north  side  of  grounds,  where  a  footpath  had  been 
foruied  aeross  a  short  stretch  of  lawn  surface,  and  two  new  brick  drain 
traps  were  constructed,  one  at  each  end  of  the  walk  and  conuectec] 
with  existing  drains.    The  old  walks  adjoining  this  new  one  were  resur 
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faced  with  fresh  gravel.  A  new  sliort  gravel  walk  was  also  cim 
stnicted  in  the  southwest  portion  of  the  grounds  leading  from  one  of  the 
main  walks  to  the  stable  of  the  Smithsonian  building.  The  margins 
of  both  of  these  new  walks  were  sodded,  the  lawn  surface  on  either 
side  sown  down  in  grass  seed,  and  an  additional  brick  drain -trap  con- 
structed near  the  National  Museum  Building. 

HBNBY  AND  SEATON  PARKS.      ' 

In  Henry  (Armory)  Park  an  asphalt  footwalk,  containing  an  area  of 
257  square  yards,  wa«  laid  upon  the  gravel  path  leading  from  the  east 
entrance  to  the  U.  S.  Pish  Commission  building  to  Seventh  street,  and 
a  brick  drain -trap  constructed  to  carry  off  surface  water.  A  temporar>' 
piank  footwalk  100  feet  long  was  laid  during  the  winter  upon  wet  por- 
tions of  the  gravel  path  leading  from  B  street,  near  the  railroad  depot, 
to  Seventh  street. 

In  Seaton  l*ark  136  cubic  yards  of  gravel  was  used  in  resurfacing 
worn  portions  of  the  footpaths. 

BESERVATION  NO.  162. 

The  act  of  Congress  approved  December  15,  1890  (vol.  26,  Statutes, 
p.  690)  authorized  the  Commissioners  of  the  District  of  Columbia  to 
use  and  occupy  this  reservation,  situated  at  the  intersection  of  Ohio 
avenue  with  Fourteenth  and  C  street**  NW.,  as  a  site  for  a  truck- 
house,  and  on  December  20  the  Commivssioners  requested  the  early 
removal  of  the  fencie,  shrubs,  etc.,  as  they  were  desirous  of  commencing 
the  construction  of  tiie  builaing.  The  iron  post  and  chain  fence  was, 
accordingly,  taken  down  and  removed  to  the  storage  yard  hi  the  nur- 
sery, the  trees  and  shrubs  were  lifted,  and  the  top  soil  excavated  to  a 
depth  of  14  inches  and  hauled  to  the  Monument  grounds.  This  woi^k 
was  completed  early  in  January,  when  the  reservation  was  transferred 
to  the  custody  of  the  Commissioners. 

IOWA  CIRCLE. 

This  circle,  situated  at  the  intersection  of  Ehode  Island  avenue  with 
Thirteenth  and  P  streets,  NW.,  was  entirely  remodeled  during  the 
year.  The  old  asphalt  walks  were  excavated  and  removed,  the  open- 
ings left  thereby  filled  in  with  earth  and  clay,  surfaced  with  top  soil  to 
bring  them  to  the  grade  of  the  surrounding  lawns,  and  sodded  and 
sown  down  in  grass  seed.  N'ew  walks  were  constructed  upon  more 
direct  lines  of  travel  and  an  asphalt  i)avenient  laid  upon  them,  cover- 
ing an  area  of  2,097  square  yards.  Such  i)ortions  of  the  material  exca- 
vated from  the  old  walks  as  were  needinl  for  the  purpose  were  used  in 
constructing  the  new  walks,  and  the  remainder  was  hauled  to  the  Monu- 
ment grounds.  Tlie  borders  of  the  new  walks  were  sodded  and  168 
jasniinum  nudiflorum  shrubs  planted  over  the  lawn  surfaces.  The 
changes  made  in  the  walks  necessitated  the  removal  of  the  two  drink- 
ing fountains  in  the  circle  and  they  were  takiMi  down,  re-erected  in  new 
locations  and  reconnected  Avith  water  supply  and  waste  pipes. 

JUDICIARY  SQUARE. 

The  work  in  progress  for  the  improvement  of  this  park  wafl  continued 
during  the  year.    About  1,000  linear  feet  of  additional  cobble-stone 
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gutters^  feet  wide  ;ind  343  linoai-  feet  of  aihUlitional  biirk  gutt^jrs  1 
foot  wide  wei*e  laid  iiloiig  the  mar[>'ius  of  gravel  roa4ls  and  walks;  6 new 
brick  drain-trapseonstrneted,  and  2H«J  lineavfeetof  S-ineli  andH61ine^rfeet 
of  6-ineli  terra  eotta  drain-pipe  laid  to  eonnect  tlieni  with  maiii  drains; 
278  linear  feet  of  brick  gutters  were  taken  up  and  relaid,  and  extensive 
repairs  made  to  the  gravt»l  roads  and  walks,  114  cubic  yards  of  rough 
gravel  and  220  cubic  yards  of  screened  gravel  being  used  in  resiuiaoiug 
worn  iK>rtions  of  them.  An  apron  of  granite  blocks  was  laid  across  tlte 
con(*rete  pavement  from  roadway  on  line  of  E  street  to  roaidway  hiding 
to  west  entrance  of  court-house;  bare  plac^es  on  the  lawns  bordering 
roads  and  walks  in  southeast  corner  of  grounds  w^eie  resodded;  the 
cobblestone  pavement  at  entrance  to  cx)al  vaults  on  east  side  of  Pen- 
sion Office  building  was  repaired;  a  granite  block  gutter  3G  feet  long 
and  3  feet  wide  laid  in  front  of  the  pavement,  and  a  drain  lodge  built 
at  end  of  gutter  and  connect^Hl  by  18  feet  of  O-incli  drain  pipe  with  main 
drain  for  the  purpose  of  carrying  off  surface  water  wliicli  laid  at  that 
point  during  heavy  rains.  A  hedge  of  privet  was  j)lanted  around  the 
watchman's  lodge  in  the  place  of  one  composed  of  arbor  vitjes,  which 
had  died;  the  water  supply  of  closets  in  lodge  was  increased  by  the  in- 
troduction of  survice  i)ipes  of  hu-ger  size,  the  tAvo  old  urinal  bowls  i*e- 
moved  and  replaced  with  new  ones,  and  the  old  slate  lining  put  back 
in  position ;  206  square  yards  of  new  asphalt  pavement  were  laid  on  the 
east  side  of  the  Pension  Office  building,  and  747  square  yards  of  new 
asphalt  footwalk  were  constructed  upon  the  gravel  path  leading  from 
near  the  southeast  comer  of  that  building  through  the  park  to  near  the 
northwest  corner  of  the  court-house.  Portions  of  the  sodded  bordei-s 
of  roads  and  walks  were  lowered,  additional  groups  of  yoiiug  trees  and 
shrubbery  planted,  10  feet  of  granite*  curbing  set  at  entrance  of  road- 
way from  Fourth  and  E  streets,  an<l  390  square  yards  of  asphalt  foot- 
walk  through  the  j^ark  on  the  lim*  of  this  roadway  were  resurfaced. 

RESERVATIONS  NORTH  OF  PENNSYLVANIA  AVKNUE  AND  WEST  OF  THE 

CAPITOL. 

In  Franklui  Square  the  Chinese  arbor.vitflBS  comi)Osing  the  hedge 
screening  a  portion  of  the  watcliman\s  lodge  having  died,  they  were  re- 
moved and  reidaced  with  a  hedge  of  privet;  the  drain  pipe  from  water- 
closets  was  taken  up  and  replaced  with  a  new  6-inch  terracotta  pii>e 
drain  180  feet  in  length,  and  217  square  yards  of  asphalt  footwalk  were 
resurfaced. 

In  Lafayette  Square  the  old  public  urinals  in  the  watchman's  lodge 
were  torn  out,  -the  floors  of  closet  laid  in  slate,  3  new  urinals  with  new 
water  supply  and  waste  pipes  put  in,  and  a  slate  wainscoting  put  up 
on  the  walls,  with  slate  partitions  separating  the  bowls.  The  walls 
in  the  watchman's  room  were  wainscoted  in  wood  a  distance  of  4  feet 
from  the  liuor,  the  woodwork  oiled,  and  the  doors  repainted;  330  square 
yards  of  as])halt  footwalk  were  resurfaced,  portions  of  the  gravel  x)aths 
bordering  them  repaired  with  fresh  gravel,  and  uneven  portions  of  brick 
gutters  taken  up  and  relaid.  Bare  spaces  on  the  lawns  at  southeast  cw- 
ner  of  the  park,  where  grass  will  not  grow  owing  to  the  dense  shade  of 
the  trees,  were  planted  with  hardy  ivy  and  vincas,  and  in  May  a  large 
and  handsome  group  of  i)alms  and  other  foliage  plants  was  made  at  the 
central  entrance  from  Pennsylvania  avenue  upon  the  site  originally  se- 
lected for  the  statue  to  General  Lafjiyette,  and  which  was  left  bare  by 
the  removal  of  the  granite  sub-base  of  the  pedestal  of  that  statue. 


APPENDIX    BEE PUBUC    BUTLDINGS    AND    GROUNDS.       3913 

Reservation  No.  158,  at  the  iuterseetiou  of  New  York  aveiiuis  I'^ii^^t, 
and  M  streets  KVV.,  which  was  rut  do>vni  to  the  grade  of  the  sur- 
romuling  streets  during  the  fiscal  year  (Muliug  June  .W),  1S90,  has  Imhmi 
further  impro veil  during  the  fiscal  year  iS90-'91.  Tlie  ground  lias  been 
rough  graded,  surfaced  with  manure  and  good  soil,  the  borders  soddi^d, 
st5veral  groups  of  young  trees  and  shrubs  planted,  and  the  leservation 
inclosed  witii  a  post-and-chaiu  fence,  being  a  portion  of  that  formerly 
inclosing  Iowa  Circle. 

The  asphalt  footwalks  in  McPherson  Square  having  become  so  much 
worn  as  to  permit  water  to  lie  upon  their  suifaces  during  wet  weather, 
temporary  plank  walks  were  laid  upon  them  during  the  autumn  of  18t)0 
and  removed  in  the  8i)ring  of  1891. 

In  Farragut  Square  150  scpiare  yards  of  asphalt  footwalks  were  resur- 
fivcexl. 

In  Mount  Vernon  Sipiare  about  one-half  of  the  gravel  paths  were  re- 
surfaced, 167  cubic  yards  of  gravel  having  been  used  in  making  the 
repairs. 

The  brick  gutter  and  Hag  pavement  around  Scott  Circle  were  repaired 
where  they  had  settled  during  heavy  rains. 

HANCOCK  CIBCLE. 

Pursuant  to  a  provision  in  the  District  of  Columbia  appropriation 
act  approved  March  2,  1889  (vol.  25  Sttits.,  p.  798),  the  Commissioners 
of  the  District  of  Columbia  have  established  a  circle  at  the  intersec- 
tion of  New  Hampshire  avenue,  Sixteenth  and  U  streets  NW.,  to  be 
called  "Hancock  Circle."  In  a  letter  dated  December  15,  1899,  from 
the  Commissioners  they  state  that  as  this  (»ir(^le  belongs  to  one  of  the 
classes  of  reservations  now  under  the  management  of  the  office  of  Public 
Buildings  and  Grounds,  it  would  seem  proper  that  it  should  be  under 
the  same  jurisdiction,  and  that  they  were  willing  to  make  the  transfer. 
The  Commissioners  were  informed  that  the  transfer  was  accepted,  and 
the  reservation  has  been  mimbered  129  J  and  placed  upon  the  plat  book 
of  the  reservations  belonging  to  the  United  States  under  the  charge  of 
this  office. 

STATUE  TO  MEM:011Y  OF  GENEllAL  LAFAYETTE  AND  HIS  COMPATBIOTS. 

On  the  20th  of  November  I  was  notified  by  the  honorable  the  Secr<*- 
tary  of  War,  through  the  Chief  of  Engineers,  that  a  new  site  for  this 
statue  had  been  selected  by  the  Commission  at  the  southeast  corner  of 
Lafayette  Square,  and  I  was  directed  to  proceed  with  the  work  of  con- 
structing a  foundation  for  the  pedisstal  of  the  statue.  Work  was  at 
once  commenced,  an  excavation  of  suitable  size  made,  an<l  «t  foundation 
of  broken  stone  and  Portland-cement  wmcrete  constructed;  the  granite 
stones  composing  the  sub-base  were  removed  from  the  original  site  at 
the  south  central  entrance  to  the  square,  and  by  February  they  hii<l 
been  set  in  i)osition  upon  the  new  foundation  and  an  earth  mound  con- 
structed around  their  base.  In  March  the  contractor's  agent  set  the 
.marble  pedestal  and  in  April  plac;ed  the  bronze  figures  in  position,  after 
which  this  office  sodded  the  mound  and  inclosed  it  with  a  curb  of  dressed 
granite,  reconstructed  the  gravel  walks,  and  laid  an  asphalt  footpath 
upon  the  walk  at  the  north  side  of  tte  statue.  Two  ornamental  lam]>- 
l)Osts  and  lamps  for  illuminating  the  statue  have  been  ordered  and  will 
be  placed  in  position  when  received. 


3914   REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

PUBLIC  RESERVATIONS  OCCUPIED  BY  THE  BALTIMORE  AND  POTOMAC 
RAILROAD  COMPANY  AND  THE  BALTIMORE  AND  OHIO  RAILROAD 
COMPANY. 

Atteution  ia  agaiii  invited  tA)  the  fact  that  without  aiithunty  of  law 
and  in  viohition  of  section  223  of  the  Revised  Statut/es  relating  to  the 
District  of  Columbia,  the  Baltimore  and  Pot<>ma<^  Railroad  Company  is 
now  occupying  reservations  Nos.  loi,  105,  109,  174,  177,  178,  241,  and 
309,  and  the  Baltimore  and  Ohio  Railroad  Company  is  occupying  re^ser- 
vation  201. 

This  office  has  rei)ort4Hl  from  time  to  time  the  facts  of  the  occupancy 
of  some  of  these  reservations  by  the  railroad  companies,  and  the  subject 
has  been  referred  to  the  law  officers  of  the  Uovernment,  with  the  request 
that  such  action  may  be  taken  as  will  be  necessary  for  the  protection 
of  the  interests  of  the  United  States. 

EESERVATXONS  EAST  OF   THE  CAPITOL. 

The  iron  posts  of  the  fences  inclosing  Lincoln  and  Stanton  Squares 
were  straightened,  and  in  the  latter  park  192  feet  of  temporary  plank 
walk  was  laid  over  wet  places  on  the  gravel  paths  for  the  convenience 
of  pedestoians  during  the  winter  and  spring. 

In  Folger  and  Marion  Parks  and  the  reservation  at  Delaware  avenue 
and  First  street  NE.  worn  places  in  the  gravel  paths  were  resurfaced 
with  fresh  gravel,  the  greater  portion  of  the  walks  in  the  park  first 
named  having  required  these  repairs. 

RESERVATION  NO.   17,   GARFIELD  PARK. 

Ext/Cnsive  repairs  were  made  to  the  gravel  roads  and  walks,  about 
1,400  cubic  yards  of  unscreened  and  screened  gravel  being  used  for  the 
purpose.  The  main  roadway  along  the  line  of  Virginia  avenue,  which 
is  subjected  to  heavy  travel,  was  resurfaced  with  broken  stone  and  coarse 
gravel;  in  the  eastern  section  of  the  park  3,179  linear  feet  of  cobble- 
stone gutters  3  feet  wide  have  been  constructed;  111  trees  and  451 
shrubs  were  planted,  and  necessary  repairs  made  to  the  tool  house; 
4,500  cubic  yards  of  gravel  were  received  without  cost  to  the  United 
Sfcites  from  contractors  engaged  in  improving  streets  and  grading  pri- 
vate ground  in  the  vicinity,  and  this  material  has  been  stored  upon  the 
reservation  for  use  in  the  various  parks." 

PARK  SETTEES,   COMPOST,   TOOLS,   AND  REMOVINa  SNOW  AND  ICE. 

One  hundred  new  park  settees  were  purchased  during  the  year  and 
about  200  old  settees  were  repaired  and  repainted;  irons  for  fastening 
down  settees  were  made  and  loose  settees  in  the  various  parks  were  i^e- 
fastened  in  position. 

Seven  hundred  and  fifty-one  cubic  yards  of  stable  manure  and  1,071 
cubic  yards  of  soil  were  purchased,  thoroughly  mixed,  and  the  compost 
thus  formed  was  sprejid  upon  the  lawns  of  various  parks  during  the 
winter  and  raked  in  in  the  spring. 

The  various  tools  and  appliances  used  in  prosecuting  the  work  ujwn 
the  public  grounds  were  kept  in  good  repair  and  purchases  of  new  tools 
were  made  from  time  to  time  as  required. 

During  the  winter  the  snow  and  ice  were  removed  fipom  the  walks 
through  the  various  parks  and  the  pavements  surrounding  them  as 
promptly  as  possible  after  each  storm. 
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CONSTRUCTING,  REPAIRING,   AND  PAINTING  IRON  FENCES,   PAINTING 

VASES,  ETC, 

The  iron  post-and-chain  fence  around  Iowa  Circle  was  removed  and  a 
portion  of  it  nsed  in  inclosing  the  small  reservation  at  the  intersection 
of  New  York  avenue,  First  and  M  streets,  NW.,'  Reservation  No.  158; 
the  iron  posts  of  some  of  the  parks  were  straightened  and  the  chain 
tightened;  about  240  new  iron  tops  were  plac^  on  posts  whose  tops 
were  broken  or  missing,  and  other  necessary  repairs  were  made  to  the 
iron  fences  as  required. 

The  high  iron  fence  of  the  grounds  at  the  north  jfront  of  the  Exiecu- 
tive  Mansion,  the  lam])  posts  and  lamps  at  that  front  and  the  large  iron 
vases  within  the  grounds,  the  post-and-chain  fences  of  the  four  reserva- 
tions on  Pennsylvania  avenue  trom  Twentieth  to  Twfenty-fourth  streets, 
McPherson  Square,  and  the  lamp  posts  and  vases  therein,  and  the  lamp 
posts  in  Lafayette  and  Farragut  squares,  were  repainted,  as  were  also 
the  iron  post-and-chain  fences  inclosing  the  following  reservations: 
Du  Pont  Circle,  Mount  Vernon  Square,  and  two  reservations  on  the  east 
and  one  on  the  west  side  of  the  square;  reservations  at  Connecticut 
avenue  and  B.  streets,  M  street  and  Eighteenth  and  Twentieth  streets, 
ITW.;  Massachusetts  avenue,  Twenty-tirst  and  Twenty-second  streets; 
six  reservations  on  Massachusetts  avenue  between  Tenth  and  Twenty- 
first  streets,  NW.;  one  reservation  east  and  one  west  of  Iowa  Circle; 
four  on  Kew  York  avenue  between  Tenth  and  Thirteenth  streets,  and 
one  at  New  York  avenue,  First  and  M  streets,  !trW.;  three  on  Ehode 
Island  avenue  between  Seventh  and  Tenth  streets,  and  two  on  New 
Jersey  avenue  and  I  street  NW. ;  reservation  at  North  Carolina  avenue 
and  Ninth  street  SE.,  and  portions  of  the  fence  inclosing  Lincoln 
Square.  Fourteen  iron  vases  in  various  reservations^  all  repaire<i  places 
in  fences,  and  a  number  of  small  sign  boards  for  use  m  the  public  parks, 
were  painted. 

WATER  PIPES,  FOUNTAINS,  AND  GAS  LAMPS. 

Attention  was  paid  to  the  water  pipes  in  the  public  grounds  during 
the  year,  and  such  repairs  made  as  were  required.  In  the  autumn  the 
hose  valves  were  removed  from  the  pipes  and  stored  in  the  nursery  shops, 
and  during  the  winter  they  were  examined,  and  those  requiring  it 
repaired;  in  the  spring  they  were  replaced  upon  the  pipes.  New  hose 
valves  were  provided  where  needed,  and  242  feet  of  additional  water 
pipe  was  laid  in  the  nursery  grounds,  and  two  standpipes  with  hose 
valves  i>laced  thereon.  Leaks  in  the  main  pipe  line  supplying  the  Cap- 
itol building  with  spring  water  were  repaired,  and  a  2-inch  street  con- 
nection, and  a  three-quarter-inch- pipe  connection  from  this  main  to  a 
hydrant  at  North  Capitol  and  C  streets  were  cut  off,  which  ha^s  secured 
a  better  pressure  at  the  Capitol.  Bight  hundred  and  seventy-five  feet 
of  new  rubber  hose  was  purchased  to  replace  old  hose  no  longer  serv- 
iceable. 

Necessary  attention  was  ])aid  to  the  fountains,  the  drainpipes  from 
several  that  had  become  choked  Avith  tree  roots  having  been  taken  up, 
cleaned,  and  relaid;  jets  were  rei)aired,  new  ones  placed  on  tlie  foun- 
tains in  Stanton  Square,  and  the  drain  from  east  fountain  taken  up, 
cleaned,  and  relaid ;  a  new  cement  bottom  was  placed  in  basin  of  foun- 
tain at  New  York  avenue,  between  Tentli  and  Eleventh  streets  NW., 
a  new  standpipe  and    overflow    put  in,    and  new  drain  connection 
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made;  the  drsiiiis  from  fountain  at  Ninth  street  and  Pennsylvania  ave- 
nue NW.,  two  in  Lincoln  S«£uans  one  in  Sherman  Square,  and  one  at 
Third  street  and  New  York  avenue  NVV.,  were  taken  up,  cle;ined,  and 
rehiid.  The  ba*sins  in  fountains  north,  eavst,  and  south  of  the  Kxe<*u- 
tive  Mansion,  in  Rawlins  Square,  at  New  York  avenue.  Third  au<l  ^I 
streets  NW.,  and  Twentieth  and  P  streets  NW.,  were  repaired  and  new 
valves  phi'ced  upon  the  water  pipes  suppljiui?  the  following  fountains: 
l^\)lger  Park,  east  of  the  Executive  Mansion,  Pennsylvania  avenue  and 
Ninth  street  NW.,  New  York  aveijue,  Third  and  M  streets  NW.,  Twen- 
tieth and  P  streets  NW^.,  New  Y^ork  avenue  and  Tenth  stre^'t  NW., 
and  Pennsylvania  avenue  and  Thirteenth  street  N  W.  A  new  overflow 
was  placed  in  fountain  in  Sherman  Park,  the  drinking  fountains  in 
viurious  parks  repainted,  $uid  minor  repairs  made  to  them  as  required. 
Work  was  commencM  upon  the  construction  of  a  fountain  basin  in  the 
nursery  grounds:  it  will  be  43  feet  long,  10  feet  wide,  and  3 J  feet  deep, 
and  will  be  used  for  the  propagation  and  growth  of  hardy  flowering 
aquatic  plants.  The  concrete  foundation  for  this  fountain  basin  has 
been  laid,  and  water  and  drain  pipes  for  its  service  put  in  and  con- 
nected, leaving  the  remainder  of  the  work  to  be  completed  after  July  1. 
The  gas  lamps  in  the  public  grounds  were  maintained  in  good  condi- 
tion during  the  year,  broken  glass  in  the  lanterns  being  replaced  with 
new,  as  required.  The  average  number  of  burners  lighted  nightly  dur- 
ing the  year  was  312. 

EXECUTIVE  MANSION,   GREENHOUSES    AND    GROUNDS. 

In  the  mansion  new  floors  of  encaustic  tiles  were  laid  in  the  two 
kitchens,  the  lower  i)ortions  of  the  walls  were  wainscoted  with  similar 
materials,  the  woodwork  n^jiairiHl  and  repainted,  and  the  ceilings  and 
upper  portions  of  walls  recalcimined ;  the  woodwork  in  basement  cor- 
ridor and  laundry  was  repainted;  the  side  walls  and  ceilings  of  base- 
ment corridor  and  hall,  the  laundry  and  small  engine  room  were  scraped, 
pointed  u)),  and  recahMmined ;  the  walls  of  three  office  rooms  were  re- 
papered,  the  coini(;<»s  tinted,  the  woodwork  in  two  of  them  touched  ui> 
and  varnished,  and  a  new  wood  mantel  with  tiled  hearth  placed  in  one 
of  the  rooms;  in  three  bedchambers  the  walls  and  ceilings  were  re- 
papered,  tho  cornices  tinted,  and  the  woodwork  repainted ;  in  one  the  walls 
and  ceiling'  were  repapered  and  the  cornice  tinted,  and  in  another  the  win- 
dow and  bed  ('ornices  were  regilded.  The  private  dining  room  was  repa- 
pered, the  cornice  tinted,and  the  woodwork  repainted ;  in  the  small  waiting 
room  jKljoining  the  entrance  vestibule  the  walls  and  ceiling  were  repa- 
pered, the  center  i)iece  on  latter  tinted,  the  woodwork  touched  ux>  and  var- 
nished,  and  the  mirror  frame  and  window  cornice  regilded;  one  room 
in  basement  has  been  repapered,  and  the  woodwork  in  that  room,  the 
Imtler's  pantry,  and  the  ]>ipes  in  elevator  shaft,  have  been  repainted: 
in  the  corridor  on  second  tioor  and  the  west  end  of  lower  corridor  the 
walls  have  been  repainted  and  decorated,  the  ceilings  repapered,  the 
cornices  tinted,  and  the  woodwork  touched  up  and  varnished;  the  par- 
tition formerly  dividing  the  east  end  of  corridor  on  second  floor  was 
removed,  the  side  walls  of  the  ai)artment  repainted  and  redecorated,  the 
ceiling  rej^apered,  and  the  woodwork  revarnished.  The  ornamental 
partition  formerly  dividing  the  middle  corridor  on  second  floor  was  taken 
down  and  removed,  three  crystal  gas  brackets,  removed  from  private 
dining  room,  placed  on  walls,  and  three  chandeliers  in  this  corridor 
\ver<»,  lowered.    A  portrait  of  Ex-President  Cleveland,  with  suitable 
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frame,  was  purchased  and  hung  in  the  mantuou.  Extensive  improve- 
ments were  made  in  the  Blue  Parlor;  the  walls  and  ceiling  have  been 
redecorated,  the  woodwork  repainted,  the  ftirniture  reupholstered  and 
its  frames  regilded,  a  new  carpet  purchased,  and  new  lace  and  drapery 
curtains  provided  for  the  windows.  The  chandeliers  and  gas  fixtures 
in  the  mansion  were  overhauled,  cleaned,  repairs  to  them  and  to  the 
plumbing  arrangements  made,  and  the  plumbing  in  one  of  the  closets 
improved;  two  storage  closets  were  fitted  up  in  the  upper  corridor,  a 
china  closet  constructed  in  the  butler's  pantry,  a  new  hand  rail  put  up 
on  one  of  the  stairways,  new  sash  locks  and  chains  placed  on  the  win- 
dows, and  minor  carpentry  repairs  made  as  required.  For  the  purpose 
.  of  furnishing  the  mansion  with  a  supply  of  rain  water,  the  10-inch  pipe 
coimecting  with  copper  leaders  from  roof  was  extended  220  feet  under 
floor  of  basement  corridor  and  connected  with  the  large  storage  reser- 
voir on  east  front,  and  from  this  reservoir  a  2  inch  suction  pipe  was  run 
and  connected  with  the  pumping  engine  used  to  fill  supply  tank  in 
gai-ret.  The  exterior  of  the  mansion,  its  tin-roof  covering,  and  the  iron 
railing  east  and  west  of  north  xK)rtico  have  been  repainted ;  new  drapery 
window  curtains,  and  new  door  portieres  were  procured  for  the  east 
room,  and  new  carpet  and  matting  purchased  for  other  rooms.  In  the 
autumn  all  carpets  were  relaid  and  curtains  were  rehung,  and  in  the 
spring  the  carpets  were  removed  from  the  floors,  the  curtains  tiiken 
down,  and  the  rooms  arranged  for  the  summer;  a  set  of  awning  blinds 
were  placed  at  windows  at  west  end  of  upper  corridor,  repairs  made  to 
the  furniture  in  the  mansion  as  needed,  and  some  new  articles  for  house 
furnishing  purchased.  Wires  have  been  run  and  instruments  placed  in 
position  for  a  telephonic  connection  with  the  third  precinct  police  station, 
a  watchman's  time  detector  put  in  place  hear  the  main  entrance  and  con- 
nected with  nine  stations  in  and  about  the  mansion,  and  an  electric- 
bell  connection  made  with  the  watchman's  lodge  southeast  of  the  build- 
ing. A  new  water  flilter  of  large  size  was  purchased,  placed  in  position 
in  the  basement,  and  connected  with  the  distributing  pipes  and  with  the 
main  that  supplies  the  house  with  Potomac;  water.  Some  minor  repairs 
were  made  to  the  tin-roof  covering  and  to  the  copper  leaders,  a  new  flag 
pole  was  erected  upon  the  building,  and  a  tile  floor  laid  upon  the  south 
portico. 

Wires  and  fixtures  for  providing  the  mansion  with  electric  lights  have 
been  introduced  during  the  year.  The  building  has  been  Avired  and 
chandeliers  and  fixtures  placed  in  position.  All  of  the  work  contem- 
plated for  this  improvement  had  not  been  placed  in  position  at  the  close 
of  the  fiscal  year,  but  it  is  expected  to  complete  it  after  July  1,  the  un- 
expentled  balance  of  the  appropriation  provided  for  the  purpose  having 
been  made  available  for  use  after  that  date.  The  work  required  to  com- 
plete the  system  will  be,  in  general,  the  i>lacing  of  glass  upon  the  fix- 
tures in  nine  rooms  and  one  corridor  and  hanging  chandeliers  in  two 
rooms  on  second  floor;  on  the  first  floor  the  fixtures  are  to  be  placed  in 
the  state  dining  room  and  butler's  pantry,  an  additional  fixture  is  to  be 
placed  in  the  red  parlor,  new  switches  are  to  go  upon  the  east  room 
cjircuit,  switches  are  to  be  provided  for  the  conservatory  and  the  lower 
l)art-  of  conservatory  and  camelia  house  are  to  be  wired  and  i)rovided 
Avith  lamps,  and  fixtures  are  to  be  niade  for  the  outside  canopies  used 
on  occasions  of  ofticial  receptions.  The  building  is  provided  with  the 
electric  current  through  cables  (connected  with  the  dynamo  in  the  Statts 
War,  and  Navy  Department  Building.  The  iiistiillntion  of  iho  electrir, 
lights  has  been  under  the  direct  supervision  of  Parsed  Assistant  Engi 
iieor  O.  W.  Baird,  V,  S.  Nnvy,  to  whose*  zeal  and  skill  the  success  of 
this  difiicult  work  is  due. 
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In  the  stable  of  themanHion  repairs  were  made  to  the  window  framets 
doors,  stalls,  and  to  one  of  the  stairways,  and  a  new  trap  door  was  con- 
structed in  floor  of  corridor.  Kepidrs  were  also  made  to  the  exterior 
cornices  and  facia  boards,  some  of  the  window  bliiids  were  repaired  and 
rehinged,  7lil)  linear  fi^t  of  new  tin  gutter  and  spouting  placed  iu  posi- 
tion, and  ten  window  sills  covered  with  tin.  All  of  the  woodwork  on  the 
exterior,  the  ventilator  and  cupola  on  roo^  and  portions  of  the  wood- 
work in  the  interior  of  stable  and  (*.arriage  nouses  were  repainted. 

Necessary  repairs  were  made  to  the  woodwork  of  the  greenhouses  and 
all  broken  glass  was  replaced  with  new;  the  exterior  of  the  conserva- 
tory, rose,  and  camelia  houses,  interior  and  exterior  of  orchid  hou.se, 
exterior  of  geranium  house,  interior  of  grapery,  and  roof  of  propagating 
house  were  repainted:  the  flues,  pipes,  and  chimneys  of  seven  fur- 
nacres  were  cleaned  ana  repaired;  the  magnesia  sectional  covering  on 
some  of  the  bolters  was  repaired  and  renewed,  and  a  new  floor  of  artifi- 
cIrI  stone  laid  in  the  flower  room  under  the.  conservatory;  135  square 
yards  of  asphalt  pavement  and  164  linear  feet  of  flagstone  footwalk 
were  laid  upon  the  roadway  which  separates  the  conservatory  and  ca- 
melia house  from  the  greenhouses  on  the  west  side  of  those  buildings^, 
and  an  asphalt  footwalk  covering  an  area  of  40  square  yards  was  l^d 
between  two  of  the  greenhouses.  Kecessary  attention  was  bestowed 
upon  the  large  collection  of  plants,  and  desirable  varieties  for  decorat- 
ing the  grounds  were  propagated ;  15,575  bulbs  of  different  varieties 
were  purchased  for  winter  forcing  and  for  planting  the  flower  beds  for 
early  spring  bloom. 

The  grounds  were  maintained  in  good  order  during  the  year,  neces- 
sary attention  ])aid  to  the  lawns,  walks,  and  gutters,  and  a  number  oi 
young  trees  and  shnibs  planted.  In  the  autumn  the  flower  beds  were 
planted  with  hyacinths,  tulips,  and  crocus,  nearly  33,000  bulbs  being 
used  for  the  purpose;  in  the  spring  these  were  removed  and  replaced 
with  about  30,000  summer  decorative  plants. 

TELEaBAPH  TO  CONNECT  THE  CAPITOL  WITH  THE  DEPARTMENTS  AND 

GOVERNMENT  PRINTING  OFFICE. 

The  entire  line  was  overhauled  during  the  year,  all  slack  in  the  wires 
pulled  up  and  cut  out,  new  cross  arms  and  insulators  put  up  where  re- 
quired, and  brace  wires  placed  on  poles  where  needed.  One  mile  of  old 
and  unserviceable  wire  was  removed  and  replaced  with  new  galvanized 
line  wire.  One  new  40-foot  pole  was  erected  at  Second  and  H  streets 
NW.,  te  replace  one  that  was  old  and  decayed.  The  flxtures  on  the 
Patent  and  Post  Office  Departments  were  repaired,  and  repairs  were 
made  te  the  underground  cable  on  B  street,  between  Sixth  and  Seventh 
streets  NW.,  where  it  had  been  cut  by  workmen  employed  upon  street 
improvements.  The  trees  on  Fourteenth  street,  between  B  street  N. 
and  B  street  S.,  were  trimmed  where  their  branches  interfered  with  the 
Avires.  The  main  batt-ery  in  this  office  and  the  local  batteries  in  the 
several  Departments  were  maintained  in  effective  working  order. 
Breaks  in  the  line  cautsed  by  storms  were  repaired  and  crosses  and  ob- 
structions were  removed  from  the  wires  as  soon  as  possible  after  being 
hwjated.  The  cables  running  through  the  basement  of  the  Capitol  were 
examined  and  refastened  to  tlie  walls  whore  required,  and  the  instru- 
ments that  had  been  removed  from  the  ttibles  of  the  openitors  in  the 
Senate  and  House  of  Eepresentatives  and  stored  in  this  ofiice  during  the 
recess  were  rexdaced  and  reconnected  prior  to  the  reassembling  of  Con> 
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gress.  The  offices  in  the  Department  of  Agriculture  and  the  Second 
Auditor's  Office  of  the  Treasury  Department  were  moved  into  other 
rooms,  the  necessary  (»hanges  made  in  the  wires,  and  the  instruments 
rei)laced  and  reconnected.  The  location  of  the  table  of  the  operator  in 
the  Goveriuuent  Printing  Office  was  changed  and  the  wires  reconnected 
and  a  new  switch  and  sounder  placed  on  tlie  table  of  th(^  operator  in  the 
Post-Office  Department.  The  wires  on  Fitteenth  street,  south  of  Penn- 
sylvania avenue,  were  removed  from  trv\^o  old  poles  and  placed  on  new 
poles  in  the  vicinity.  Changes  were  made  in  the  line  of  wires  at  Fif- 
teenth street  and  Ohio  avenue  to  get  them  out  of  the  way  of  a  building 
in  course  of  erection  at  that  point.  Some  old  and  unserviceable  wire  on 
the  roof  of  the  Department  of  Justice  was  removed  and  replaced  with 
new  wire,  and  the  office  of  the  Board  of  Management  of  Exhibits  of  the 
Government  of  the  Unit-ed  States  for  the  World's  Columbian  Exposi- 
tion was,  at  the  request  of 'its  secretary,  connectiHl  with  the  line,  the 
necessary  material  being  furnished  by  the  Board. 

Attention  is  again  respectfully  invited  to  the  fact  that  it  is  becoming 
more  and  more  difficult  to  operate  the  overhead  telegraph  system,  owing 
to  the  fact  that  the  trees  along  the  line  are  gradually  growing  up  into 
the  wires  and  interrupting  the  continuity  of  the  elex'.tiic  currents,  par- 
ticularly during  wet  and  windy  weather.  Not  only  have  the  present 
I)oles  become  too  short,  but  many  of  them  are  rotting  at  the  butts  and 
are  in  constant  danger  of  breaking  from  their  own  weight  or  of  being 
blown  down  during  storms.  The  ne<^essity  for  either  rei)lacing  the 
overhead  wires  with  underground  cables,  or  of  replacing  the  jiresent 
poles  with  taller  ones,  is  obvious.  An  estimate  for  placing  them  under 
ground  is  herewith  submitted.  An  altenuitive  estimate  for  placing 
them  overhead  is  also  submitted. 

SURVEYING  AND  DRAFTING. 

The  draftsman  of  public  buildings  and  grounds  is  also  custodian 
of  the  old  records  of  the  city  of  Washington  in  charge  of  this  office 
and  his  time  is  mainly  taken  up  with  their  care.  '  He  is  required  to  ex- 
hi])it  them  to  owners  of  city  property,  to  lawyers  and  real  estate  agents, 
and  to  produce  them  frequently  in  court.  For  more  than  three-qufirters 
of  the  past  fiscal  ye^ir  he  has  been  engaged  in  searching  these  old  rec- 
ords with  the  assistant  district  attorney,  and  by  request  of  the  latter,  for 
evidence  relating  to  the  case  of  The  United  States  V8,  Morrison  et  a/., 
known  as  ^'  the  .Potoma<5  Flats  case,''  and  appearing  as  a 'witness  in  that 
case.  He  has  also  partially  prepared  plats  showing  reservations  num- 
bered 31,  82,  82^,  83,  84,  84^,  129J,  207, 208, 269,  and  270,  and  additional 
improve,meuts  in  the  monument  grounds. 

In  order  that  the  draftsman  may  devote  his  whole  time  to  survey- 
ing the  public  gronii<ls  and  making  the  plans  of  them  that  are  required 
by  law  to  be  kept  in  this  office,  a  clerk  should  be  provided  to  take  charge 
of  the  old  records,  and  the  estimate  submitted  last  year  for  that  purpose 
is  again  presejited  and  recommended. 

Atte.nticm  is  again  invited  to  the  fact  that  there  is  reason  to  beheve 
that  a  large  number  of  hits  in  this  city,  to  which  the  United  States  has 
a  clear  title,  are  held  and  ociiipied  by  private  persons.  It  is  of  much 
imp(ni:anc<^  that  this  office  should  be  provided  with  the  clericid  force 
necessiiry  to  investigate  this  subject. 
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Ettimatesfor  the  fiscal  year  ending  Jane  SO,  189S. 

Salaries  of  employ<^,  public  buildings  and  grounds,  etc. : 

One  office  clerk $1, 600 

Cue  messKuger 840 

One  public  gardener 2, 000 

One  clerk  in  charge  of  old  public  records  of  Washington  City.  1, 500 

One  clerk 1 1,400 

One  electrician  and  telfgra])h  lineninn 1, 000 

Overseers,   foremen,    draftsmen,   giirdiMiers,   medianicH,   and 

laborers 30,000 

One  captain  of  the  watch 1, 200 

One  day  watchman  at  Lnlayette  P<j uare 660 

One  day  wati'hnian  at  Franklin  ISquare 660 

Two  day  watchmen  in  SmitliHonian  Grounds,  at  JNJfiO  each 1, 320 

Two  night  watehnieu  in  Smitlisonian  Grounds,  at  $720  each  ..  1, 440 

One  day  watchman  at  Judiciary  S()uare 660 

One  night  watchman  at  Judiciary  Square  . .  .• 720 

One  day  watchman  at  Lincoln  Suuare  and  adjacent  reserva- 
tions   ?. 660 

One  day  watchman  at  Iowa  Cin-le 660 

One  day  watchman  at  Tliomas  Circle  and  neighboring  reser- 
vations    660 

One  day  watchman  at  Wa«hingti>n  Circle  and  Rawlins  Square.  660 
One  day  watchman  at  Du  Pont  Circle  and  neighboring  reser- 
vations   660 

One  day  watchman  at  McPherson  anTl  Farragnt  squares ^60 

One  day  watchman  at  Stanton  Square  and  neighboring  reser- 
vations    CGO 

Two  dav  watchmen  at  Henry  (Armory)  and  Seaton  squares, 

at  $660  each 1,320 

One  night  watchman  at  Henry  (Armory)  and  Seaton  squares . .  720 
One  day  watchman  at  Mt.  Vernon  Square  and  adjacent  res- 
ervations    660 

One  day  watchman  at  grounds  south  of  the  Executive  Man- 
sion r 660 

One  watchman  for  j^reenliouses  and  nursery 660 

One  day  watchman  for  Marion  Square,  Folger  Square,  and 

adjacent  reservaticuis 660 

One  daj^  watchman  at  Ga r Held  Park 660 

One  night  watchman  at  Garfield  Park 720 

Contingent  and  incidental  expenses 500 


>. 


Improvement  and  oare  of  public  grounds : 

Improvement  and  maintenance  of  groonds  attached  to 
the  Executive  Mansion;  ordinary  oare  of  greenhouses  and 
nursery ;  ordinary  care  of  Lafayette  and  Franklin  squares ; 
construction  and  repair  of  post-and-chain  fences,  repair  of 
high  iron  fences,  and  constructing  stone  coping  about  reser- 
vations; manure  and  hauling  same:  painting  watchmen's 
lodges,  iron  fences,  vases,  lamps,  and  lamp-posts;  purchase 
and  repair  of  seats ;  purchase  and  repair  of  tools ;  trees,  tree 
and  plant  stakes,  labels,  lime,  whitewashing^  and  stock  for 
nursery;  removing  snow  and  ice;  flower-pots,  twine,  bas- 
kets, wire,  splint's,  moss,  and  lycopodium ;  care,  construction, 
and  repair  of  fountains ;  abating  nuisances;  improvement, 
care,  and  maintenance  of  various  reservations;  improve- 
ment, care,  and  maintenance  of  Smithsonian  Grounds  and 

Judiciary  Square 61,  700 

Granite  curbing  about  Franklin  Square r»,  000 

Care  and  improvement  of  Monument  (irunnds 10, 000 

Continuing  improvement  of  reservation  No.  17,  and  site  of  old 

canal  northwest  Of  same 5, 000 

Laying  asx^halt  walks  in  various  reservations 5,  (XK) 

Improvement  and  care  of  Henry  and  Seaton  parks 5, 000 

Lodges  for  park  wat<'hmen  in  Stanton,  Mount  Vernon,  Iowa, 
Du  Pont.  'I'lunnas,  McPherson,  and  Folger  resrrvations,  at 
$500  each 3,500 


1^56,180 


J 
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I]r>»TOvement  and  care  of  public  grounds: 

Constructing  an  ornamental  fountain  in  Lafayette  Square 
upon  the  site  originally  selected  for  the  Lafayette  statne  . .     $4, 000 

Replacing  the  old  Sagging  pavement  of  the  sidewalks  in  the 
grounds  north  of  the  Executive  Mansion  by  a  granolithic 
pavement ! 2,500    • 

Construction  of  a  large  greenhouse  at  the  propagating  gardens 
for  palms  and  tropical  plants  of  large  growth^  neerled  for 
tropical  bedding,  etc.,  in  the  public  parks  during  the  sum- 
mer months 6, 000 

Improvement  of  Howard  University  Park  (reservation  No. 
246) 5,000 

$112,700 

Care  of,  repairs,  fuel,  etc.,  Executive  Mansion :  • 

Care,  repair,  and  refurnishing  the  Executive  Mansion,  to  be    • 
expended  by  contract  or  otherwise,  as  the  President  may 

determine 25. 000 

Fuel  for  Executive  Mansion,  greenhouses,  and  stable 3, 000 

Care  and  necessary  repair  of  greenhouses 5, 000 

Renewing  the  superstructures  of  two  greenhouses  connected 
with  the  ExecutiYe  Mansion 3, 000 

36,000 

Lighting  the  Execative  Mansion  and  the  public  grounds : 

Gas,  pay  of  lamplighters,  gas-fitters  and  laborers,  x>urchase, 
erection,  and  repair  of  lamps  and  lamp  posts,  purchase  of 
matches,  and  repairs  of  all  kinds;  fuel  and  light-s  for  office 
and  office  stable,  for  watchmen's  lodges,  and  for  green- 
houses at  the  nursery :  Provided,  That  for  each  6-foot  burner 
not  connected  with  a  meter  in  the  lamps  on  the  public 
grounds  no  more  than  $21.50  shall  be  paid  per  lamp  for  gas, 
including  lighting,  cleaning,and  keeping  the  lamps  in  repair, 
under  any  expenditure  provided  for  in  this  act ;  and  said 
lamps  shall  bum  not  less  than  3,000  hours  per  annum ;  and 
authority  is  hereby  giVen  to  substitute  other  illniniuating 
mat-erial  for  the  same  or  less  price,  and  to  use  so  much  of 
the  sum  hereby  appropriated  as  may  be  necessary  for  that 

purpose 15, 000 

Electric  lights  for  365  nights,  from  7  posts,  at  40  cent<6  per 

light  per  night.    $2.80  per  night 1, 022 

Erecting  8  iron  posts  in  the  Monument  Grounds,  connecting 
them  with  unaergronnd  wires  for  electric  lights,  and  sup- 
plying electric  lights  for  the  same 2, 000 

*^  18, 022 

fiepairs  to  water-pipee  and  fire  plugs : 

Repairing  and  extending  water  pipes,  purchase  of  apparatus 
for  cleaning  them^  purchase  of  hose,  and  for  cleaning  the 
springs  anarepairing  and  renewing  the  pipes  of  the  same 
that-  supply  the  Capitol,  the  Executive  Mansion  and  the 

building  for  the  State,  War,  and  Navy  Departments 5, 000 

Telegraph  to  connect  the  Capitol  with  the  Departments  and  Gov- 
ernment Printing  Office : 

Replacing  the  present  system  of  wires  with  duplicate  6-con- 
ductor  underground  cable,  being  a  total  distance  of  about 
6,625  linear  feet 31,000 

(An  alternative  estimate  amounting  to  $1,600  is  also  submitted 
for  replacing  the  present  poles,  with  new  and  taller  poles, 
and  it  an  appropriation  for  that  purpose  be  made  it  should 
be  accompanied  by  authority  to  erect  the  poles.) 

Care  and  repair  of  existing  lines 1,500 

32,500 

Total 260,402 

BNO  91 ^246 
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Washington  Monument,  elevator,  electric  lights,  and  machinery  connected  there- 
with. The  following  estimate  for  operating  the  elevator,  the  electric  lights  and 
machinery  connected  therewith,  for  the  fiscal  year  ending  June  30,  1893,  is  sub- 
mitted: 

One  custodian,  at  $100  per  month $1, 200 

One  steam  engineer,  at  $90  per  month 1,  OSO 

One  assistant  steam  engineer,  at  $70  per  month 840 

One  fireman,  at  $60  per  month 720 

One  assistant  fireman,  at  $60  per  month 720 

One  conductor  of  elevator  car,  at  $75  per  niontli 900 

One  attendant  on  floor,  at  $60  per  mouth 720 

One  attendant  on  top  floor,  at  $60  per  month 720 

Tliroe  night  and  day  watchmen,  at  $60  per  month  each 2, 160 

Fuel,  lights,  ujl,  waste,  packing,  tools,  matches,  paints,  brushes,  brooms, 
lanterns,  r4»pe,  nails,  screws,  lead,  electric  lights,  heating  apparatus, 
oil  stoves  lor  elevator  car  and  upper  and  lower  floors,  repairs  to  en- 
gines, boilers,  dynamo,  elevator,  and  repairs  of  all  kinds  connected 
with  the  monument  and  machinery,  and  purchase  of  all  necessary 
articles  for  keeping  the  monument,  machinery,  elevator,  and  electric- 
light  plant  in  good  order 3^600 

12,660 

As  8ome  oi  the  foregoing  estimates  are  larger  than  the  amonnts 
heretofore  appropriated,  and  as  others  are  for  new  work,  it  is  deemed  ad- 
visable to  submit  the  following  brief  explanation  in  reference  thereto: 

First — One  public  gardener,  $2,000.  1  have  asked  for  an  increase  in 
the  salary  of  the  pubUc  gardener,  a  position  now  so  satisfactorily  filled 
by  Mr.  George  H.  Brown.  The  duties  of  the  oflftce  require  that  the 
gentleman  who  fills  it  shall  be  thoroughly  skilled  in  the  culture  of 
trees,  shrubs,  and  plants,  and  shall  have  a  practical  knowledge  <)f  civil 
engineering  as  applied  to  landscape  gardening.  Mr.  Brown  combines 
these  attributes,  to  which  he  adds  taste,  industry,  and  integrity.  His 
duties  take  him  from  one  end  of  the  city  to  the  other.  He  is  directly 
responsible  for  the  care  of  the  valuable  collection  of  plants  in  the  prop- 
agating garden,  and  superintends  the  propagation  of  plants  that  are 
annually  raised  for  the  public  grounds,  which  this  year  numbered 
about  402,000. 

Second, — One  clerk  in  charge  of  old  public  records  of  Washington 
City,  $1,500.  These  records  include  maps,  deeds,  record  books,  letters, 
etc.,  from  the  organization  of  the  original  board  of  commissioners,  near 
the  close  of  the  last  century,  up  to  1867,  when  the  duties  were  turned 
over  to  the  Chief  of  Engineers.  They  are  constantly  examined  by  at- 
torneys and  others  interested  in  lands  in  Washington,  and  the  person 
in  charge  of  them  is  frequently  required  to  produce  them  in  courts;  to 
index  them  properly,  to  be  able  to  turn  at  once  to  the  details  of  any 
question  raised,  requires  familiarity  with  every  paper.  Tliis  work  has 
for  the  last  few  years  been  iutimsted  to  the  only  draftsman  allowed  this 
office,  and  during  the  p«ist  year  more  than  three-fourths  of  his  time  havS 
been  actually  employed  on  this  duty.  It  is  desirable  that  this  appro- 
priation be  made  in  order  that  the  draftsman  may  be  permitted  to  at- 
tend to  the  necessary  and  legitimate  duties  of  his  office. 

ThWd. — One  clerk,  $1,400.    Of  late  years  the  office  work  has  in 
creased  to  such  an  extent  that  to  properly  perform  it  has  required  con- 
tinuous work  at  night  and  on  Sundays  and  holidays.    This  is  a  hard 
ship,  and  as  a  remedy  an  appropriation  for  an  additional  clerk  is  rec 
ommended. 

Fourth. — For  one  telegraph  lineman,  $1,000.  The  telegraph  syst^^n 
under  charge  of  this  office  includes  about  8  miles  of  overhead  wire  an< 
2.6  miles  of  underground  cable.    There  are  twenty-one  offices  connectet 
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with  these  lines,  the  main  battery  being  at  this  office.  The  lineman  is 
constantly  engaged  in  the  care  of  the  main  and  local  batteries  and  such 
necessary  repairs  and  extensions  as  a  system  of  wires  of  this  kind  re- 
quires. He  is  industrious,  efficient,  and  capable,  and  has  won  the  con- 
fidence of  all  with  whom  he  has  come  in  contact  by  faithful  attention  to 
his  duties. 

Fifth, — An  estimate  for  a  captain  of  the  watch  is  submitted  and  rec- 
ommended. Such  an  officer  is  much  needed  in  order  that  the  park 
watchmen  may  be  under  proper  supervision. 

Sixth, — Estimates  for  a  day  watchman  for  Marion  and  Folger  squares 
and  adjacent  reservations,  and  for  a  day  watchman  for  Garfield  Park, 
are  submitted  and  recommended.  Marion  and  Folger  squares  contain 
an  aggregate  area  of  about  3  acres,  and  Garfield  Park  contains  an  area 
of  about  24  acres.  They  are  highly  improved,  and  the  necessity  for 
providing  watchmen  for  their  care  is  apparent. 

Seventh, — It  will  be  observed  that  the  estimate  for  "improvement 
and  care  of  public  grounds''  is  submitted  in  a  smaller  number  of 
separate  items  than  heretofore.  A  large  number  of  items,  being  for  such 
purposes  as  are  required  regularly  every  year,  are  lumped  together  in 
a  single  item ;  the  several  items,  however,  being  enumerated,  and  it  is 
recommended  that  the  appropriation  be  made  in  that  way  instead  of 
designating  a  specific  sum  for  each  of  these  small  objects.  Great  labor 
in  keepiug  the  accounts  would  be  saved,  and  the  full  amount  of  the 
appropriation  be  made  available  if  a  lump  sum  could  be  appropriated. 
It  is  not  always  practicable  to  spend  an  exactly  even  number  of  dollars 
for  a  particular  purpose.  When  a  specific  amount  is  stated  for  each 
object  it  must  not  be  exceeded,  and  the  result  is  that  some  remnants  of 
those  small  items  can  not  be  used  at  all.  The  method  of  appropriating 
a  lump  sum,  as  here  suggested,  seems  ti)  be  in  accordance  with  the 
practice  of  Congress  in  other  cases,  as,  for  example  for  the  regular  sup- 
plies and  incidental  expenses  of  the  Quartermaster's  Department,  i)ages 
149,  150,  and  151  digest  of  appropriations  1892. 

The  aggregate  amount  requested  for  the  consolidated  items  exceeds, 
in  the  sum  of  $10,250,  the  appropriation  made  for  similar  purposes  for 
the  fiscal  year  1891-'92.  The  excess  arises  as  follows,  viz,  $1,000  is 
asked  for  painting  watchmen's  lodges,  iron  fences,  etc.,  instead  of 
$750  last  appropriated;  $20,000  is  asked  for  improA'ement,  care,  and 
maintenance  of  various  reservations,  in  place  of  the  $12,000  granted 
this  year,  and  $7,000  is  asked  for  improvement,  care,  and  maintenance 
of  Judiciary  Square,  in  place  of  $5,000  last  granted.  It  is  proposed  to 
improve  as  many  as  i)08sible  of  the  200  unimproved  reservations;  each 
year  from  1  to  5  are  added  to  the  list  of  improved  reservations,  and  if 
the  funds  now  requested  become  available,  8  or  10  can  be  added  during 
the  fiscal  year  ending  June  30, 1893.  As  reservations  are  thus  improved 
the  expense  of  the  care  of  the  whole  is  slightly  increased,  for  the  im- 
provements must  be  maintained. 

Eighth. — For  placing  granite  curbing  about  Franklin  Square,  $5,000 
is  asked.  The  beauty  of  this  handsome  park  will  be  greatly  enhanced 
by  placing  around  it  a  granite  curbing  similar  to  those  used  aiound 
parks  of  the  same  style  in  the  larger  cities  elsewhere. 

Ninth, — For  the  care  and  improvement  of  the  Monument  Grounds, 
$10,000.  It  is  desirable  that  this  important  improvement  should  pro- 
gress more  rapidly  than  heretofore. 

Tenth, — For  laying  asphalt  walks  in  various  reservations,  $5,000.  It 
is  proposed  to  replace  with  first-class  asphalt  walks  the  gravel  paths  in 
Washington  Circle,  Mount  Vernon  Square,  Executive  Mansion  grounds 
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(south  side),  Lincoln  Square,  St^inton  Square,  Folger  Square,  Marion 
Square,  Henry  and  Seaton  parks,  and  to  renew  those  in  Farrapit 
Square.  In  the  late  fall,  winter,  and  early  spring  the^se  walks  are 
muddy  and  ]>edestrians  se^k  the  lawns,  which  are  thus  destroyed  by 
tresi>asser8.  The  amount  of  these  paths  which  it  is  proposed  to  lay  this 
year  is  ab<uit  3,500  scpiare  yards.  Each  autumn  it  bei^ome^  necessary 
to  put  down  plank  walks  which  must  agiiin  be  removed  in  the  sprinir. 
if  asphalt  walks  are  laid  the  annual  expense  incident  to  plank  walks 
will  be  avoided. 

Eleventh. — For  im])rovement,  care,  and  maintenance  of  Henry  (Armory) 
and  Seaton  Parks,  }>5,000.  These  reservations,  extending  from  Seventh 
street  to  the  Botanic  Gardens,  cover  an  area  of  34  acres,  with  road  and 
walk  surfactss  of  over  10,0(H)  square  yards.  They  are  in  an  advanced 
state  of  improvement.  Their  beauty  has  been  marred  by  the  depot  and 
tra<*ks  of  the  Baltimore  and  Potomac*/  Railroad.  A  mound  has  been 
C4)nstriu*4ed  around  the  depot  upon  whi(;h  it  is  intended  to  plant  trees 
and  shnibs,  so  that  in  time  the  depot  will  be  hidden  partially  from 
view.  The  materials  for  this  mound  have  thus  far  been  obtained  free 
of  exi)ense  to  the  United  States,  and  it  is  now  i)roposed  to  grade  the 
mound  and  to  seetl  and  plant  it.  The  funds  reque-sted  are  needed  for 
this  [)uriK)se,  and  for  the  care  of  roa<ls,  lawns,  gutters,  etc.,  and  laying 
out  additional  paths. 

Twelfth. — For  lodges  for  ])ark  watclnnen  in  Stanton,  Mount  Vernon, 
Towa,  i>u  Pont,  Thomas,  McPherson,  and  Folgiu*  i-eservations,  at  $5<K> 
each,  <<3,5<M).  The  watchmen  in  these  reservations  are  exposed  to  the 
inclemency  of  the  we^ither  at  all  seasons  of  the  year.  Ordinary  human- 
ity seems  to  call  for  this  appropriation. 

Thirteenth. — For  constnu'ting  an  ornjimental  t()untain  in  Lafayette 
Square,  u]>on  the  sit4»,  originally  selected  for  the  Lafayette  st^itue, 
$4,(KM).  This  space  is  on  the  Pennsylvania  avenue  side  of  the  squan^, 
dire(»tly  op]>osite  the  Executive  Mansion.  The  old  foundation  made  for 
the  i>edestal  of  the  statue  can  not  be  removed  without  considerable  ex- 
pense, but  can  be  utilized  for  the  foundation  of  a  basin  for  an  ornamental 
fountain,  for  the  erection  of  which  this  estimate  is  submitted. 

Fourteenth. — For  replacing  the  old  flagging  pavement  of  the  sidewalks 
in  the  grounds  north  of  the  Executive  Mansion  by  a  granolithic  pave- 
ment, }!«-,'^)00.  These  sidewalks  lead  from  the  entrance  gates  on  Penn- 
sylvania avenue  to  the  north  front  of  the  Executive  Mansion.  The  old 
flagging  at  present  comi)osing  them  is  in  bad  condition  and  should  be 
rei>laced  by  a  granolithic  i)avemeut. 

Fifteenth. — An  estimate  amounting  t-o  $6,(KM)  is  also  aubmitted  for 
constructing  a  larger  greenhouse  at  tlie  propagating  gardens,  for  palms 
and  subtroi>ical  plauKs.  The  greenhouse  structure's  now  existing  at  the 
gardens  are  of  small  size,  and  not  of  sufhcient  capacity  to  accommodate 
that  class  of  plants. 

/Sixteenth. — An  estinuite  amounting  to  $5,000  is  submitted  for  improv- 
ing reservation  No.  246,  known  as  Howard  University  Park.  This  park 
contains  an  area  of  about  11 J  acres,  and  is  unimproved. 

Seventeenth. — For  renewing  the  sui)crstructures  of  two  greenhouses 
connected  with  the  Exeeutive  Mansion,  $3,000.  These  structures  are 
old  and  in  bad  condition  and  must  be  renewed  to  preserve  the  plants 
which  they  contain. 

Fighteenth.— The  estimate  for  the  item  for  "  gas,  pay  of  lamplighters, 
et4-.,"  under  the  title  "  Lighting  the  Executive  Mansion  and  the  public 
grounds,"  has  been  increased  from  $14,000  to  $15,000.    In  the  ai>pro- 
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priation  act  for  the  fiscal  year  ending  June  30, 1892,  the  amount  to  be 
paid  per  annum  for  lighting,  etc.,  each  gas  lamp  in  the  public  grounds 
was  increased  from  $20  to  $21.50,  and  to  provide  for  this  increase,  and 
for  the  additional  amount  that  it  is  estimated  will  be  required  for  the 
<*>are  and  maintenance  of  the  electric  lamps  and  wires  recently  intro- 
duced into  the  Executive  Mansion,  the  additional  $1,000  is  asked. 

Nineteenth, — An  estimate  of  $2,000  is  submitted  for  erecting  eight  iron 
])osts  in  the  Monument  Grounds,  connecting  them  with  underground 
wires  for  electric  lights,  and  supplying  electric  lights  for  the  same. 
Since  the  introduction  of  electric  lights  in  the  grounds  south  of  the 
Executive  Mansion  the  travel  after  nightfall  through  that  park  has  in- 
creased. Much  of  this  travel  passes  through  the  Monument  Grounds, 
which  are  not  now  provided  with  any  system  of  illumination. 

Twentieth. — ^The  estimate  for  repairs  to  water  pipes  and  fire  plugs 
has  been  increased  from  $2,500  to  $5,000.  The  sources  of  the  spring 
which  supplies  the  United  States  Capitol  with  water  were  much  im- 
paiied  by  the  excavations  made  in  connection  with  the  construction  of 
the  large  reservoir  near  the  Howard  University  for  the  increase  of  the 
city's  supply  of  Potomac  water,  which  has  resulted  in  diminishing  the 
pressure  at  the  Capitol.  It  is  proposed  to  use  the  additional  amount 
requested  in  making  connection  with  the  strongest  springs  in  the 
cinity  and  in  overhauling  and  repairing  the  old  pipe  line,  and  renewing 
such  portions  of  it  as  may  be  Ibund  unserviceable. 

Twenty-first. — An  estimate  is  again  submitted  for  replacing  the  over- 
bead  wires  between  the  Capitol  and  the  Departments  with  a  duplicate 
underground  six-wire  cable.  The  growth  of  tlTe  trees  on  the  sidewalks 
renders  it  absolutely  necessary,  in  order  to  maintain  telegraphic  com- 
munication over  these  wires,  either  to  erect  at  once  taller  poles,  at  a 
cost  of  about  $1,600,  or  to  lay  an  underground  cable,  at  a  cost  of 
$31,000.  It  appears  to  be  the  will  of  Congress  that  no  more  overhead 
wires  shall  be  placed  in  this  city  (see  District  of  Columbia  appropria- 
tion, act  of  July  18, 1888),  otherwise  I  should  recommend  the  appropri- 
ation of  the  smaller  amount. 

Twenty-second. — I  recommend  that  the  salaries  of  the  two  steam  engi- 
neers at  the  Washington  Monument  be  increased  from  $80  and  $60  to 
$90  and  $70  jter  month,  respectively.  The  duties  of  these  two  men  are 
of  great  im]K)rtanee;  upon  theii*  elhciency  and  intelligence  depend,  to  a 
great  extent,  the  lives  of  those  who  use  the  elevator;  the  increase  asked 
is  small  and  the  men  deserve  it.  I  also  recommend  that  the  pay  of  the 
two  firemen  be  placed  at  $60  per  month  each.  That  is  the  rate  allowed 
firemen  in  the  Executive  Departments,  and  there  appears  to  be  no  rea- 
son why  the  firemen  at  the  monument  should  receive  less. 

The  item  for  fuel,  lights,  oil,  wast^,  repairs,  etc.,  should  be  increased 
from  $3,000  to  $3,600  for  the  purpose  of  painting  the  ironwork  in  the 
interior  of  the  monument. 
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Financial  aiaiement  forfitoal  year  ending  June  SO,  1891 » 


Available 

at  begin- 

nine  or  As- 

oafyear. 

Appropriated 

by  deficiency 

aot  approved 

Mar.  3, 1891. 

Expended 

during 
fiscal  year. 

tTxezpeoded 

balance  to 

revert  to  the 

TreasuTy. 

Improvement  and  cure  ot  public  grounds 

Ketkaira.  fuel.  etc..  £xecutfye  Mansioli 

$86,450 

33,000 

22,722 

2,500 

1,260 

500 

47,620 

11,120 

2,500 

$65,986.11 

32,972.68 

a6,299.0:{ 

2,433.42 

1,248.98 

499.20 

47,572.99 

11. 119. 56 

2,500.00 

$468.89 

7.32 

Lijrhtinir.  etc..  Kx<y;utive  Manalon.  etc 

*$5,750 

96L97 

Itnn&ira  to  Water  i>ii>^A  and  fire  i^lum^ 

66.50 

Telegraph  to  connect  the  Capitol  vrith  the  De- 
partments and  Government  Printing  Office 

Contingent    expen»c«     public    buildings    and 
irmiindA  nnder  Chief  Knirineer  .  r , 

Loe 

.80 

Suaries  of   employes    public    buildings    and 
groands  under  Cliief  Kngineer 

Cm  and  maintenance  of  the  Washington  Menu- 
xDcmt -. ... 

47.01 

.44 

Portrait  of  Grover  Cleveland,  ex-Fresident  of  the 
United  States  (act  August  30, 1890) 

*  Of  this  amount  $2,076  has  been  made  a  "  no  limit "  appropriation,  available  after  June  30,  1891. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

O.  H.  Ernst, 
Colonel,  U.  8.  J..,  Major  Corps  of  Engineers* 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers,  IT.  8,  A* 


J 
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SURVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES. 


F  F  F  I. 

RESURVEY  OF  MARQUETTE  HARBOR. 

REPORT  OF  CAPT,   WALTER  L.  FI8K,  CORPS  OF  ENGINEERS,  FOR   THE 

FISCAL  TEAR  ENDING  JUNE  SO,  189L 

(For  letter  of  transmittal^  see  Appendix  K  K.) 

This  is  merely  a  partial  survey  for  the  purpose  of  correcting  the  IT.  S. 
Lake  Survey  chart  of  Marquette  Harbor  to  date.  It  was  ordered  by  the 
Chief  of  Engineers  in  a  letter  dated  December  9^  1890,  and  an  allot- 
ment of  $200  was  made  for  it  from  the  appropriation  for  Survey  of 
^Northern  and  Northwestern  Lakes. 

The  field  work  was  done  in  January  and  March  of  this  year,  and  as 
soon  as  other  work  will  permit  the  map  will  be  corrected  and  forwarded. 


F  F  F  2. 


ISSUE  OP  PUBLISHED  CHARTS  OF  THE  NORTHERN  AND  NORTHWESTERN 

LAKES. 

report  of  colonel  o.  m,  poe,  corps  of  engineers,  bvt  brig, 
gen,  v.  s.  a,,  for  the  fiscal  year  ending  j^ne  so,  1891, 

United  States  Engineer  Office, 

Detroit^  Mioh.y  July  ly  1891. 

Sir  :  I  have  the  honor  to  transmit  herewith,  in  duplicate,  my  annual 
report  on  the  "issue  of  the  published  charts  of  the  Northern  and  North- 
western Lakes''  for  the  fiscal  year  ending  June  30, 1891.    •    •    • 
Very  respectfully,  your  obedient  servaant, 

a  M.  Poe, 
Colonel,  Corps  of  Engineers^ 

Bvt.  Brig.  Qm.y  U.  S.  A. 
Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers^  U.  8.  A. 
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ISSPB  OP  THE  PUBLISHED  OHARTS  OP  THE  NORTHERN  AND  NORTH- 
WESTERN LAKES. 

Until  July  16, 1890,  charts  were  sold  at  the  uniform  price  of  30  cents 
each.  On  that  date,  however,  a  decision  of  the  Secretary  of  War  was 
received  by  which,  under  date  of  June  28, 1890,  it  was  directed  that  the 
foture  price  per  chart  should  be  20  cents,  as  it  was  found  that  that  sum 
amply  covered  the  cost  of  paper  and  printing,  which  determines  the 
authorized  charge  according  to  the  acts  of  May  4, 1878,  and  February 
14, 1879. 

Since  the  receipt  of  this  decision  nearly  all  charts  have  been  sold  at 
the  uniform  price  of  20  cents  each.  A  few  special  lithograph  charts 
have  been  sold  for  10  cents,  and  some  charts  have  been  issued  firee  of 
charge  for  the  official  use  of  Government  agents  applying  for  them. 

The  following  table  shows  the  extent  of  this  business: 

l88ue  of  the  charts  of  the  Tforthern  and  Northwestern  lakes  during  the  fiscal  year  ending 

June  30,  1891. 


DescriptioD. 


On  hand  ^aly  1,  1890. 
Received  during  j^ear 


Issued  to  United  State.s  vessels  and  officials 

Sold  at  30  cents  each 

Sold  at  20  cents  each 

Sold  at  10  cents  each 


On  hand  July  1,  1891 


Number. 


€.202 

8,  no 


SOD 

599 

5,339 

39 


TotaL 


14.812 


«,477 


7,835 


The  sum  of  $1,251.40  was  turned  into  the  Treasury  from  s^es  of 
charts. 

Total  number  of  charts  issued  to  July  1,  1890 174,709 

Issued  between  July  1,  1890,  and  July  1,  1891 6,477 

Total  issued  to  July  1,  1891 181,186 

Uuder  the  appropriation  of  f  2,000  made  by  act  of  Congress,  approved 
August  30,  1890,  "  for  printing  and  issuing  charts  for  use  of  navigators 
and  electrotyping  plates  for  chart-printing,"  an  allotment  of  $500  was 
made  on  March  14, 1891,  to  be  applied  to  incidental  expenses  connected 
with  issuing  Lake  Survey  charts.  Of  this  sum  $83.20  was  expended  for 
stationery  under  informal  contract  with  the  Richmond  &  Backus  Co., 
dated  March  7, 1891 ;  and  the  balance  of  the  $500  was  expended  for  pay 
of  office  force,  etc. 

It  is  now  just  11  years  since  the  last  of  the  topographical  work  of  the 
United  States  Lake  Survey  was  done,  and  many  of  the  charts  now  is- 
sued are  based  upon  surveys  made  30  and  35  years  ago,  notably  the  two 
charts  of  St.  Marys  River,  the  surveys  for  which  were  miule  betwe^i 
1853  and  1857.  Many  new  towns  of  considerable  imx>ortance  are  not 
shown  on  the  charts,  and  a  complete  set  of  coast  charts  on  a  ^ir^  scale 
has  never  been  made  for  Lakes  Huron  and  Superior.  The  commerce  of 
the  latter  has  increased  from  the  small  volume  of  1855  to  over  9,000,000 
tons  in  1890,  while  an  annual  tonnage  of  over  20,000  now  passes  through 
Lake  Huron.  Moreover,  with  the  improvement  of  channels  the  draft 
of  vessels  has  increased,  first  from  9J  to  12  feet,  and  then  from  12  to 
16  feet.    Improvements  now  in  progress  will  before  many  years  secuie 
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a  draft  of  20  feet,  and  every  season  the  larger  vessels  are  discovering 
dangers  previously  unknown. 

An  effort  is  made  to  plot  upon  existing  charts  the  various  newly  dis- 
covered dangers,  the  various  lights  established  from  time  to  time  by 
the  Light-House  Department,  and  the  various  river  andharbor  improve- 
ments, but  it  is  a  matter  of  great  difficulty  to  keep  up*  to  dat«  all  the 
charts  for  these  thousands  of  miles  of  coast,  and  many  of  the  charts 
now  require  additions  and  corrections  to  render  them  of  the  greatest 
service,  and  in  some  cases  new  surveys  are  required  to  obtain  the  neces- 
sary information. 

The  Lake  Survey  records  in  charge  of  the  Corps  of  Engineers  are 
available,  and  will  save  the  duplication  of  much  of  the  work.  Many  of 
the  instruments  used  on  the  Lake  Survey  are  also  in  charge  of  the  Corps 
of  Engineers,  and  are  likewise  available.  In  addition  much  informa- 
tion can  be  obtained,  at  little  cost,  from  the  offices  of  the  various  engi- 
neer officers  who  are  in  charge  of  works  of  river  and  harbor  improve- 
ment, and  who  are  the  engineers  of  the  various  light-house  districts. 

In  view  of  the  vast  commercial  importance  of  the  lake  marine,  and  of 
the  benefit  that  would  result  from  the  issue  of  charts  constantly  revised 
up  to  date,  I  do  not  consider  an  annual  appropriation  of  $50,000  too 
large  for  the  purpose.  The  information  obtained  would  also  be  of  value 
for  private  enterprises  of  different  kinds,  and  fonning,  as  the  Great 
Lakes  do,  the  frontier  of  the  country,  much  valuable  military  informa- 
tion could  also  be  obtained. 

The  cost  of  printing  and  issuing  charts  is  now  so  small  that  it  can 
not  be  further  reduced,  and  I  therefore  submit  the  following: 

Estimate  far  the  fiscal  year  ending  June  30 ^  1893. 

For  printing  and  issuing  charts  for  the  use  of  navigators  and  olectrotyping 
copper  plates  for  chart-printing $3, 000 

For  surveys  and  other  expenses  connected  with  correcting  and  extending  the 
charts  of  the  northern  and  northwestern  hikes 50, 000 

Total 53,000 

Abstract  ofhids  for  furmshing  stationery  for  surrey  of  Northern  and  Northwestern  LakeSy 
1891y  received  ana  opened  February  13,  1891,  in  accordance  with  advertisement  dated 
January  24,  1891. 


No. 


Name  luiU  address  of  bidder.  matTtoJii. 


TheBichniond  ft;  Backus  Company,  Detroit,  Mich i         *f83.20 


*  Becommended  for  acceptance. 


J 
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CONSTRUCTION  AND  mPROVEMENT  OF  HOARDS  AND  BRIDGES  IN  TIIE 

YELLOWSTONE  NATIONAL  PARK. 


REPORT  OF  MAJOR   WILLIAM  A.   JONES,  CORPS  OF  ENGINEERS,  OFFI- 
CER IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1891, 


United  States  Engineer  Office, 

St.  Pauly  Mmn.j  July  8y  1891. 

General:  I  have  the  honor  to  transmit  herewith  my  annual  report, 
in  duplicate,  upon  the  improvement  and  construction  of  roads  and 
bridges  in  the  Yellowstone  National  Park,  for  the  fiscal  vear  ending- 
June  30, 1891. 

Very  respectfully,  your  obedient  servant, 

W.  A.  Jones, 
Major y  Corps  of  Engineers. 
Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers^  U.  8.  A. 


The  project  for  this  work  was  adopted  in  1883,-  when  the  control  was 
placed  in  the  hands  of  oflBcers  of  the  Corps  of  Engineers,  and  con- 
sists in  the  construction  and  maintenance  (k  about  225  miles  of  road, 
with  the  necessary  bridges,  culverts,  etc.  The  roads  embraced  in  the 
project  commenced  at  Gardner,  at  the  north  boundary  line  of  the  Park, 
thence  to  Mammoth  Hot  Springs;  thence  to  Upper  Geyser  Basin,  pass- 
ing through  Norris  Geyser  and  Lower  Geyser  Basins;  thence  to  the 
outlet  of  Yellowstone  Lake  \ia  Shoshone  Lake  and  tlie  west  arm  of 
Yellowstone  Lake,  crosvsing  the  Continental  Divide  of  theEocky  Moun- 
tains twice;  thence  to  Yancey s  via  the  Falls  and  Grand  Canon  of  the 
Yellowstone  Eiver;  thence  to  Mammoth  Hot  Springs,  completing  the 
so-called  belt  road  with  a  circuit  of  about  145  miles.  In  addition  there 
are  projected:  A  road  from  the  west  boundary  line  of  the  Park,  pass- 
ing through  Lower  Geyser  Basin  and  continued  easterly  to  intersect 
the  road  along  the  Yellowstone  Eiver  to  the  Falls;  a  road  from  Norris 
Geyser  Basin  to  the  Falls  of  the  Yellowstone;  a  road  from  Yancey s  to 
the  east  boundary  line  of  the  Park;  and  a  number  of  short  branch 
roads  and  trails  from  the  above-named  roads  to  objects  of  interest  off 
the  main  line  of  travel  j  in  all,  225  miles  of  new  roads,  about  20  large 
and  50  small  bridges,  with  many  culverts,  etc.  Estimated  cost,  as  re- 
vised in  1889  by  my  predecessor,  $444,779.42, 
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The  act  of  Cotigreas  approved  March  3, 1891,  changed  the  project  of 
the  part  of  the  belt  line  between  Lower  Geyser  Basin  and  Yellowstone 
Lake  by  requiring  the  road  to  be  built  "by  the  shortest  .practicable 
route"  from  Fountain  GeywT  to  the  thumb  of  the  Yellowstone  Lake. 
This  cbange  will  not  materially  affect  the  cost. 

At  tlie  beginning  of  the  year  the  roads  that  were  opened  to  travel 
were: 

Ciympleted  roads, — (1)  The  road  from  Gardiner  to  Mammoth  Hot 
Springs;  Norris,  Lower  and  Upper  Geyser  basins,  completed,  except  a 
projected  stretch  of  8.9  miles  of  new  road  in  Gibbon  CaCion,  designed 
to  repla^'C  an  equal  length  of  the  old  road,  and  some  minor  changes  in 
the  loe^ition  of  diflferent  parts  of  the  road.  (2)  The  road  from  Norris 
Geyser  Baain  to  the  Falls  of  the  Yellowst^jne. 

Uncompkted  roads, — (l)  The  road  from  Upper  Geyser  Basin  to  the 
Falls  of  the  Yellowstone  via  Yellowst<me  Lake  and  outlet.  (2)  The 
two  roads  known  as  the  Madison  Canon  road  and  Howard  trail,  from 
the  westt^rn  boundary  line  of  the  Park  to  Lower  Geyser  Basin,  where 
they  joined,  and  their  continuation  as  one  rojid  to  the  uncompleted  road 
from  Yellowstone  Lake  outlet  to  the  Falls.  (3)  The  road  from  Mam- 
moth Hot  Springs  to  Yanceys  and  its  continuation  to  eastern  bound- 
ary of  the  Park. 

Total  amount  expended  upon  the  project  since  commencement  of  work 
in  1883  to  June  30, 1890,  ineluding  outstanding  liabiUties,  $184,779.42. 

The  appropriation  of  August  30,  1890,  came  too  late  to  permit  of  any 
operations  during  the  current  year,  and  it  was  only  through  a  desper- 
ato  survey  cam])aign  in  winter  that  there  could  be  any  hope  of  saving 
the  appropriation  from  reversion  to  the  Treasury  on  the  30th  of  June, 
1891.  Yellowstone  Park  is  practically  a  high  mountain  region  where 
winter  snows  set  in  early  and  stay  late.  The  appropriations  revert  to 
the  Treasury  on  the  30th  of  June  of  each  year,  and  there  is  never  more 
than  a  few  weeks  available  for  work  in  each  season  prior  to  that  time. 
In  this  case  a  larg(»  }>ortion  of  the  work  was  required  by  the  law  to  be 
done  by  contract.  This  necessitated  a  survey,  to  enable  a  specification 
of  location  and  (piantity  and  qiiality  of  work  before  advertising.  It 
was  out  of  the  question  to  do  this  and  go  tluough  the  formalities  of  a 
contract  in  the  short  seitson  of  spring  prior  to  June  30, 1891.  The  sur- 
vey had  to  be  made  in  the  }>rece<iing  fall.  With  all  possible  dispatch^ 
after  the  apinopriation  r(nK*hed  my  hands,  I  phvced  a  survey  party  in 
the  field  undercharge  of  Lieutenant  Craighill  in  person,  to  whom  great 
credit  is  due  for  accom])lishing  the  work  in  the  i'^e>  of  the  hardships  of 
winter.  Attention  is  invited  to  his  report  herewith.  This  survey  was 
carried  across  the  Continental  Divide  of  the  Rocky  Mountains  in  the 
midst  of  a  great  deal  of  snow  and  severe  eold.  It  cost  $2,700,  the 
gi'eat^r  part  of  which  could  have  l>een  saved  had  we  not  been  so  sorely 
liandica}»]KHl. 

In  the  same  hurried  manner  I  j)la(MMl  a  large  repair  party  in  the  field, 
which  in  the  few  weeks  of  available  time  did  a  great  deal  of  work,  and 
placed  the  whole  completed  system  of  roiids  in  most  thorough  repair. 
It  was  considered  best  to  do  the  rei)air  work  for  the  season  of  1891  in 
the  preceding  fall,  so  that  the  winter  snows  and  spring  rains  could  pack 
the  work  down  and  thus  largely  reduce  the  dust  which  result^s  from 
placing  traffic  on  fresh  work  after  it  has  become  dried  out  in  early  sum- 
mer. 

The  outfit  of  supplies  and  men  left  Livingston.  Mont.,  on  the  morning 
of  October  2,  1890,  and  proceeded  by  rail  to  Cinnabar,  Mont.,  where 
they  were  met  by  wagon  transportation.    With  this  they  proceeded  to 
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the  field  of  operations,  distant  about  50  miles,  taking  tools,  mess  sup- 
plies and  camp  eqnipage  at  Mammoth  Hot  Springs.  Two  parties  were 
went  in,  ea<5h  with  a  foreman,  snbforeman,  cook,  37  teams,  and  37  labor- 
ers. The  latte^r  were  increased  to  75  a  few  days  later.  One  force  com- 
menced operations  in  the  Geyser  Basins,  and  the  other  in  Gibbon  Canon. 

The  road  in  Gibbon  Canon  which  skirts  the  river  band  wa«  extensively 
riprapped  on  the  river  slopes  and  .considerable  retaining  wall  was  built. 
The  ci>rduroy  and  road  at  north  end  of  this  canon  were  repaired  and 
graded  in  a  substantial  manner.  The  laige  bowlders  which  impeded 
travel  at  Monument  Geyser  Basin  were  removed  by  blasting,  and  the 
road  widened.  The  road  at  this  iK>int  was  narrow  and  in  bad  condition, 
the  surface  being  a  ledge  of  rock  through  the  seams  of  which  consider- 
able wat^^r  continually  issued.  The  water  was  carried  off  by  means  of 
a  culvert,  and  a  layer  of  clay  and  gravel  was  spread  over  the  rock. 

The  road  between  Upper  and  Lower  Geyser  Basins  was  constructed 
in  18H5,  since  which  time  it  ha^s  received  no  repairs.  The  whole  dis- 
tance was  thoroughly  and  extensively  repaired,  covered  with  gravel  in 
l>la<;es,  and  bridges  and  culverts  all  made  good. 

The  ford  of  Gibbon  Eiver  near  Canon  Creek  had  been  badly  washed 
out,  and  the  approaches  were  very  muddy.  A  very  good  temporary 
bridge  was  placed  here. 

The  roads  in  the  vicinity  of  Norris  Geyser  Basin,  and  from  thence  to 
the  Grand  Canon,  and  also  that  in  the  vicinity  of  Swan  Lake,  were 
thoroughly  repaired,  a  gre>at  deal  of  new  covering  in  the  shape  of  gravel 
and  clay  being  ])laced,  and  all  the  culverts  and  bridges  made  good. 

On  the  Slst  of  October  the  bulk  of  the  repair  party  was  discharged, 
having  put  extensive  repairs  on  about  55  miles  of  road. 

While  this  repair  work  was  going  on  the  survey  party  was  flounder- 
ing in  the  snows  of  the  Continental  Divide,  and  haid  reached  the  west 
end  of  Yellowstone  Lake.  By  the  26th  of  November  the  survey  was 
completed,  having  located  and  t^ken  the  necessary  measurements  for 
quantities  on  a  line  64  miles  long,  mostly  through  timber  and  crossing 
the  Continental  Divide  twice.  This  terminated  the  field  work  of  the 
season  of  1890. 

During  the  winter  the  notes  of  siurvey  were  worked  up  and  the  nec- 
essary profiles,  sectiims,  and  quantity  estimates  prepared.  Proposals 
were  thereafter  invited  for  constructing  25  miles  of  road,  and  contracts 
were  let  on  May  16, 1891,  to  Wyatt  &  Scott,  of  Gardiner,  Mont.,  for  7^ 
miles,  and  to  William  Z.  Partello,  of  Washington,  D.  C,  for  20.3  miles. 
This  work  to  be  completed  by  October  1,  1891,  and  covers  the  stretch 
between  the  Grand  Cafion  and  the  west  end  of  Yellowstone  Lake. 

In  the  mean  time,  on  March  3,  1891,  Congress  made  further  appro- 
priation of  $75,000  for  the  year  ending  June  30, 1892,  and  at  the  same 
time  reapproi)riated  such  balance  of  the  appropriation  for  189(M91  as 
might  remain  on  hand  June  30,  1891.  Tliis  method  of  continuing  the 
appropriation  worked  very  well  in  this  case,  but  it  will  not  answer  for 
the  long  sessions  of  Congress,  when  the  appropriation  bills  are  not 
passed  until  after  the  30th  of  June. 

The  following  illustration  of  the  operation  of  the  law  which  requires 
these  appropriations  to  revert  to  the  Treasury  on  the  last  day  of  ea<5h 
fiscal  year  is  presented  to  accentuate  the  suggestion  that  a  proviso  bo 
attached  to  the  appropriation  clause  relieving  it  from  the  reversion  re- 
quirement of  the  general  act  to  which  it  belongs.  This  act  makes  pro- 
vision for  certain  current  annual  expenses,  and  it  is  an  excellent  pro- 
vision that  after  these  exx>ense8  have  been  met  the*  balances  should 
revert  to  the  Treasury. 
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Ou  the  30tb  of  June,  1890,  Congress  was  still  in  session,  but  had  not 
acted  on  the  sundry  civil  bill,  which  carries  the  appropriation  for  this 
work.  Under  the  operation  of  the  law,  no  funds  could  be  carried  be- 
yond that  date  for  the  care  and  maintenance  of  the  roads  and  the  pub- 
lic property  on  hand.  Consequently,  on  that  date  all  employes  had  to 
be  discharged,  and  the  public  property,  for  which  I  was  i>ersonally  re- 
sponsible and  the  loss  of  any  part  of  which  had  to  be  made  good  from 
my  private  resources,  had  to  be  left  to  the  mercy  of  chance  until  I  be- 
came officially  aware  of  the  appropriation,  which  was  passed  August  30, 
1890.  It  should  be  observed  that  under  the  decisions  of  the  proper 
officers  of  the  Government,  I  could  not  contract  with  any  persons  for 
tlieir  services  in  the  care  of  this  property  under  these  circumstances. 

Early  in  the  present  season  Lieutenant  Craighill  was  sent  into  the 
field  to  make  preparations  for  the  extensive  operations  involved  in  spend- 
ing two  appropriations  in  one  season.  But  shortly  after  his  arrival  he 
was  relieved  from  duty  with  me,  and  Lieut.  H.  M.  Chittenden,  Corps  of 
Engineers,  was  ordered  to  take  his  duties.  This  involved  some  delay, 
so  that  the  main  field  operations  did  not  get  well  under  way  before  the 
middle  of  June.  By  this  time  Wyatt  &  Scott  had  begun  work  on  their 
contract,  and  the  slight  repairs  incident  to  the  weather  of  the  past  win- 
ter had  been  complected.  Also  the  two  reconnoissances  for  locating  the 
new  road  between  the  west  end  of  Yellowstone  Lake  and  the  Fountain 
Geyser  Basin  had  been  made.  The  act  of  March  3, 1891,  had  changed 
the  location  between  these  points  as  set  forth  in  our  approved  projects, 
and  called  for  the  shortest  practicable  line  between  these  points.  This 
required  pretty  lively  work,  since  construction  had  to  wait  for  it. 

On  the  li2d  of  May,  Mr.  E.  Lamartine,  overseer,  with  three  men  and  a 
pack  outfit,  started  from  Fountain  Geyser  Basin  to  explore  for  this  route. 
He  made  a  thorough  examination  of  all  the  lofty  country  between  the 
Geyser  Basins,  Shoshone  Lake,  Yellowstone  Lake,  and  Nez  Perc6  Creek. 
He  found  the  country  along  the  direct  line  between  the  terminals  to  be 
of  the  roughest  description.    There  were  no  passes  through  the  Conti- 
nental Divide,  and  to  flank  it  by  passing  around  along  its  northern 
slopes  involved  crossing  the  heavy  cafion  cuttings  of  the  Nez  Perc6 
Creek  drainage.  Thei>arties  who  were  anxious  for  a  short  line  across  this 
country  not  feeling  satisfied  with  this,  I  went  out  in  person  to  give  them 
an  opportunity  to  show  me  a  good  route,  but  by  this  time  personal  exam- 
ination had  satisfied  them  that  such  did  not  exist.    At  this  time  a  pos- 
sible line  via  Excelsior  Geyser  and  Mallard  Lake  suggested  itself  and 
I  sent  Mr.  Lamartine  out  to  examine  it.  After  two  days'  exploration  he 
returned,  and  all  parties  were  satisfied  that  it  was  not  practicable.    A 
good  line  was  selected  which  crosses  the  divide  at  Norris  Pass  and 
strikes  the  Geyser  Basins  at  the  head.    It  is  all  mountain  work  and  all 
timbered.    On  the  IGth  of  June  two  parties  were  sent  in,  one  to  oper- 
ate at  each  end  of  the  line.    No  difficiilty  was  in  the  way  of  the  one  for 
the  Geyser  Ba«in  end,  but  the  ene  for  the  lake  end  had  no  means  of 
ai)])roach  and  no  line  of  communication  had  been  established.    Fortu- 
nately a  steamboat  was  foimd  in  working  order  on  the  lake,  and  th^ 
l)arty  and  outfit  was  i)laced  by  means  of  it.    To  furnish  communicatio] 
for  this  party  and  all  of  the  contract  parties  along  the  river  and  lake 
a  small  steam  launch,  40  feet  long,  was  sent  by  rail  to  Cinnabar  am 
thence  hauled  by  wagon  to  the  river,  a  distance  of  60  miles.    Two  freigh 
cars  were  required  to  carry  it  by  rail.    The  whole  operation  was  rapid! 
and  successfully  executed. 

The  two  working  parties  above  referred  to  consisted  each  of  two  fore 
men,  two  cooks,  sixteen  teams,  and  forty  Laborers,  with  a  complete  oniA 
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for  clearing  and  grading.  The  teams  will  be  increased  when  the  parties 
get  strung  out  so  that  more  can  be  used.  About  the  time  these  parties 
became  engaged  the  portable  sawmill  was  moved  from  Mammoth  Hot 
Springs  to  the  Grand  Cailon,  a  distance  of  32  miles,  and  commenced 
work  getting  out  timber  for  the  culverts  and  bridges  on  the  lake  and 
river  line.  Also  the  whole  line  of  finished  road  was  divided  into  three 
sections,  and  permanent  repair  gangs  placed  upon  each  section.  A  gang 
was  also  sent  out  with  the  grader  to  operate  on  all  three  sections  as 
needed.  As  soon  as  i)ossible  a  road  roller  will  be  iidded,  and  with  this 
outfit  it  is  expected  that  the  whole  line  will  be  maintained  in  excellent 
repair  continuously  at  very  much  less  cost  than  ever  before. 

I  have  concluded  it  to  be  possible  to  suppress  the  dust  nuisance 
within  the  limits  of  reasonable  expense,  and  had  made  preparations  to 
begin  this  year,  but  Divine  Providence  has  interfered  by  furnishing  an 
extraordinary  rainfall,  so  that  we  have  had  mud  and  not  dust  to  deal  with 
so  far.  I  will,  therefore,  do  nothing  beyond  getting  ready  for  next 
season. 

When  the  season  opened  this  year  our  whole  line  of  road  was  in  su- 
perb condition,  but  the  extensive  building  operations  going  on  in  the 
park  developed  a  great  traffic  of  heavy  freight  Avagons,  loaded  ordi- 
narily with  about  3,000  pounds.  In  the  midst  of  the  strain  thus  pro- 
duced on  ordinary  dirt  roads  an  excessive  and  long-contijiued  rainfall 
set  in,  and  the  roads  in  many  places  became  very  muddy.  It  is  much 
to  their  credit  that  they  did  not  become  impassable.  All  traflic,  how- 
ever, has  been  continuously  maintained,  and  with  the  experience  gained 
as  to  the  locality  of  our  weak  spots  and  the  operation  of  the  repair  par- 
ties, I  anticipate  but  little  trouble  in  maintaining  good  roads  in  the 
future. 

No  rei)orts  as  to  work  accomplished  up  to  June  30  having  come  in, 
nothing  can  be  stated  thereof  now. 

It  is  proposed  during  the  present  working  season  to  build  the  road 
from  the  Geyser  Basin  to  Yellowstone  iiake  and  thence  along  the  lake 
shore  and  river  to  the  Grand  Canon,  in  all  about  50  miles  in  length,  and 
possibly  to  build  a  part  of  the  unfinished  road  betweed  Gibbon  Caiion 
and  Lower  Fire  Hole  Basin. 

During  the  next  season  it  is  proposed  to  do  as  much  work  on  the  road 
between  Grand  Caiion,  Yanceys,  and  Mammoth  Hot  Springs,  as  the 
sum  that  may  be  appropriated  will  accomplish.  It  is  estimated  that 
the  sum  of  $150,000  can  be  profitably  expended. 

The  estimates  of  "  amount  required  for  completion  of  existing  project," 
which  are  annually  submitted,  only  apply  to  the  construction  of  new 
road.  They  do  not  cover  current  repairs  and  maintenance.  These 
items  wDl  amount  to  $12,000  in  the  season  of  1891,  and  will  be  propor- 
tionately increased  with  the  addition  of  new  road. 

In  conclusion  I  desire  to  acknowledge  the  assistance  rendered  by 
Lieut.  W.  B.  Craighill,  Corps  of  Engineers,  and  Lieut.  H.  M.  Chitten- 
den, Corps  of  Engineers,  who  have  been  in  local  charge  of  the  work, 
and  also  of  Mr.  E.  Lamartine,  overseer. 

Amount  expended  during  the  fiscal  year  ending  June  30, 1891,  includ- 
ing outstanding  liabilities,  $26,166.29. 

ABSTRACT  OF  ALLOTMENTS  AND  APPROPRIATIONS. 

Allotments. 

Under  the  appropriation  of  J883 $23,570.03 

Under  the  appropriation  of  1884 23,000.02 

Under  tJ>e  appropriation  of  188p ,-, 23,209.37 


\ 
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Appropria  tions. 

By  act  approved  Augnst  4,  1886 $20. 000. 00 

bV  act  approved  March  3, 1887 20, 000.00 

Bv  act  approved  October  2,  1888 25, 000. 00 

By  act  approved  March  2, 1889 50, 000. 00 

By  act  approved  August  30,  1890 75, 000. 00 

By  act  approved  March  3,  1891 75,000.00 

Total  of  allotments  and  appropriations 334, 779. 43 

Money  Htatemenf. 

July  1,  1890,  balance  unexpended $4, 825. 13 

Amount  appropriated  by  act  approved  August  30,  1890 75, 000. 00 

Amount  appropriated  by  act  approved  March  3,  1891 75, 000. 00 

154, 825. 13 
June  30,  1891,  amount  expended  during  fiscal  year 21, 844. 40 

July  1, 1891,  balance  unexpended 132, 980. 73 

July  1,  1891,  outstanding  liabilities $9, 148.02 

July  1, 1891,  amount  covered  by  uncompleted  contracts 47, 917. 17 

57,065.19 

July  1, 1891,  balance  available 75, 915. 54 

!  Amount  (estimated)  required  for  completion  of  existing  project 197, 000. 00 
Amount  tnat  can  be  profitiibly  expended  in  fiscal  year  ending  June  30, 1893  150, 000.00 


Abfitract  of  proposals  for  building  wagon  roads  in  Tellowstone  National  Parky  received  in 
response  to  the  advertisement  dated  March  ^o,  7891,  and  opened  April  S5,  1891,  btf  Maj, 
W.  A.  Jones,  Corps  of  Engineers,  U.  8.  Army, 


DeBcriptlon. 


Section  1 : 

37,805  cubic  yarda  earth  excavation . . . 

Bock  excavation 

Loose  rock  excavation 

Betaining  wall 

500  cubic  yards  riprap 

13.6  acres  gmbbing  and  clearing 

Section  2 : 

27,770  cabic  yuds  earth  excavation. . . 

Rock  excavation 

Loose  rook  excavation 

Betaining  wall 

350  cubic  yards  riprap 

17.2  acres  grubbing  and  clearing 

Section  3 : 

42, 140  cubic  yards  earth  excavation . . . 

Rock  excavation 

Loose  rock  excAvation 

Retaining  wall 

Riprap 

16  acres  grubbing  and  clearing 

Section  4 : 

45,175  cubic  yards  earth  excavation . . . 

200  cubic  vards  rock  excavation 

Loose  rock  excavation 

3,850  cubic  yards  retaining  wall 

100  cubic  yards  riprap 

8  acres  grubbing  anu  cloariug 


1.  W.  A.  Campbell, 

Dodge  Center, 

Minn. 


Price. 


$0.30 

4.50 

2.50 

10.00 

8.00 

200.00 


0.30 
4.50 
2.50 
10.00 
8.00 
200.00 


0.30 
4.50 
2.50 
10.00 
8.00 
200.00 


0.85 
4.50 
2.50 
10.00 
8.00 
200.00 


Aiuoimt. 


$11,341.50 


4.000.00 
2,720.00 


18,061.50 


8,331.00 


2, 80<l.  00 
3, 440. 00 


14,571.00 


12,642.00 


3,200.00 


15,842.00 


15,811.25 
900.00 

38,500.00 
800.00 
600.00 

56,6U.25 


2.  Henry  F.  Bakh, 

Minneapolis,  Minn., 

and  Horace  £. 

Stevens.  St.  Paul, 

Minn. 


Price. 


$0.40 
2.00 
1.00 
4.00 
2.50 

75.00 


0.40 
2.00 
1.00 
4.00 
2.50 
75.00 


0.40 
2.00 
1.00 
4.00 
2.50 
75.00 


0.40 
2.00 
1.00 
4.00 
2.50 
75.00 


Amount. 


$15,122.00 


1.250.00 
1,020.00 


17,392.00 


H.IO&OO 


875.00 
1,290.00 


/ 


13,273.00 


16,856.00 


1,200.00 


18,056.00 


18,070.00 
400.00 

15, 400. 00 
250.00 
225.00 

34,84S.00 


3.  Geo.  Parker  Se, 

Co.,  Hastings, 

Minn. 


Price. 


$0.29 
1.60 
0.75 
4.00 
1.75 
115.00 


0.29 
L60 
0.75 
4.00 
L75 
115.00 


A  mono  t. 


$10,963.45 


875.00 
l,5«4.0O 


13,402.45 


8,063.30 


613.50 
L978.00 


10,643.80 


0.29 

12,290.60 

1.60 

0.75 

4.00 

1.75 

115.00 

1.840.00 

14,060.60 

0.29 

13,10a75 

LOO 

320.00 

0.75 

4.00 

15,400.06 

L76 

175.00 

115.00 

S4S.0O 

»,840.7S 
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Abstract  of  proposah  for  building  wagon  roads  i»  Yellowstone  Xational  Park,  etc, — Cont'd. 


Description. 


Section  5 : 

10,590  cubic  yards  earth  excavation 

Rock  excavation 

Loose  rock  excavation 

Ketaining  wall 

Kiprap 

6.4  acres  gruhbinf;  and  clearing 


Aggregate 


Description. 


Section  1: 

37,806  cubic  yards  earth  excavation. 

Hock  excavation 

Loose  rock  excavation 

Retaining  wall 

500  cubic  yards  riprap 

13.6  acres  grubbing  and  clearing — 


Section  2 : 

27,770  cubic  yards  earth  excavation. 

Rock  excavation 

Loose  rock  excavation ■ 

Retaining  wall 

360  cubic  yards  riprap 

17.2  acres  grabbing  and  clearing — 


Section  3 : 

42,140  cubic  yards  earth  excavation 

Rock  exrava'tion 

Loose  rw'k  excavation 

Retaining  wall 

Riprap 

16  acres  grubbing  and  clearing 


Section  4 ; 

45,175  cable  yards  earth  excayation 

200  cubic  yards  rock  excavation 

Txiose  rock  excavation 

3.850  cubic  yards  retaining  wall 

100  cabic  yards  riprap 

3  acres  grubbing  and  clearing 


Section  5 : 

10,690  cubic  yards  earth  excavHtiun. 

Rock  excavation 

Ijoose  rock  exravati<in 

Retaining  wall 

Riprap 

6.4  acres  grubbing  and  clearing 


'^Sgregate 


1.  W.  A.Oampbell, 
Dodge  f'ent.er, 
Minn. 


Price. 


$0.30 

4.50 

2.50 

10.00 

8.00 

200.00 


Amount. 


*$3, 177. 00 


1,280.00 


4, 4:17. 00 
109,  ri42. 75 


2.  Henry  F.  Balch, 

Minn<'ap«>liH,  Minn., 

and  Horace  E. 

Stevens.  St.  Paul, 

Minn. 

3.  Geo.  Parker  & 

Co.,  HaMings, 

Minn. 

Prico. 

Amount. 

Price.  1  Amount 

$0.40 
2.00 
1.00 
4.00 
2.50 

75.00 

$4,236.00 
480.00 

$0.29 
1.60 
0. 75 
4. 00 
1.75 

115.00 

$3,071.10 
736. 00 

^ 

4,716.00 
87, 7te.  00 

3, 807.  10 

71, 254. 70 

ENG  91 217 


4.  A.  L.  Love,  Liv- 
ingst'on,  Mont. 


Price.      Amount. 


$0.28 
1.49 
0.53 
4.57 
1.97 

39. 50 


0.28 
1.47 
0.53 
4.57 
1.97 
39.50 


0.28 
1.47 
0.57 
4.53 
1.97 
39.25 


0.29 
1.49 
0.5ft 
4.51 
1.08 
39.15 


0.27 
1.49 
0.57 
4.55 
1.97 
89.00 


$10,585.40 


985.00 
537.20 


12, 107. 60 


7, 775. 60 


689.50 
679.  40 


9, 144.  50 


11.790.20 


628.90 


12.427.20 


13, 100. 75 
298.00 

17,36;{.50 
198. 00 
117.45 


31,077.70 


e,  850. 30 


249.60 


3, 108. 90 


67,865.90 


5.  Wm.  J.  Preston, 
St.  Paul,  Minn. 


Price.      Amount. 


$0.29 
2.50 
1.00 
5.00 
•^25 

30.00 


0.29 
2.50 
1.00 
5.00 
2.25 
30.00 


0.29 
2.50 
1.00 
5.00 
2.  25 
30.00 


0.29 
2.60 
1.00 
5.00 
2. 25 
30.00 


0.20 
2.50 
1.00 
5.00 
2.25 
30.00 


$10,963.45 


1, 125. 00 
408.00 


12, 496. 45 


8, 053. 30 


787.50 
516.00 


9,356.80 


12.220.60 


480.06 


12, 700. 60 


13,100.75 
500.00 

19, 250. 00 

225.00 

90.00 


33, 166. 75 


3,071.10 


192.00 


3,263.10 
70,982.70 


6.  Smith  &  Brad- 
bury, Kansas 
City,  Mo. 


Price. 


$0.65 
2.00 
1.00 
5.00 
3.50 

150.00 


Amount. 


$24,673.25 


1, 750. 00 
2,040.00 


0.65 
2.00 
1.00 
6.00 
3.50 
150.00 


0.65 
2.00 
1.00 
5.00 
3.50 
150.00 


0.65 
2.00 
1.00 
5.00 
3.50 
150.00 


0.65 
«.00 
1.00 
6.00 
3.50 
150.00 


28.363.26 


18,050.50 


1.225.00 
2,580.00 


21,855.50 


27,391.00 


2, 40O.  00 


29,791.00 


29,363.75 
400.00 

19,250.00 
350.00 

450.00 


49, 813. 75 


6,883.50 


960.00 

7, 843.  50 

137,607.00 


3938      REPORT   OF   THE    CHIEF   OF   KNGINEERS,  U.  S.  AR^IY. 
AhHlravt  of  proponaUfor  building  wagon  roads  in  Yellowstone  National  Park,  etc. — Cont'd. 


De«cription. 


SiH'tionl: 

37,805  cable  yards  earth  excavation. . . 

Hock  excavation 

LooHC  rock  excavation 

KetHining  wall , 

5U0  cubic  yards  riprap 

13.<5  acres  grubbing  and  clearing , 


Sections:  ^ 

27,770  cnbic  yards  earth  excavation. 

Kock  excavation 

Loose  rook  excavation 

}U)taJning  wall 

[iW  cubic  yanlH  riprap 

17.2  acres  grubbing  and  clearing — 


Section  3: 

42,140  cubic  yards  earth  excavation. 

Kock  excavation 

LooHe  rock  excavation 

Ketniniug  wall 

Kiprap 

16  acres  grubbing  and  cleariag 


Section  4 : 

45,175  cubic  yards  earth  excavation. 
20U  cubic  yards  rock  excavation  — 

Loose  rock  excavation 

:{,580  cubic  yards  retaining  wall 

100  cubic  yonls  riprap 

3  acres  grubbing  and  clearing 


Section  5 : 

10,500  cubic  yards  earth  excavation. 

Kock  excavation 

LiHme  rock  excavation 

Ketaining  wall 

Kiprap 

6.4  acres  gral4>uig  <uid  clearing 


Aggregate 


7.  Sid.  J.  lYuax  and 

Geo.  J.  Hethering 

ton,  Hustings, 

Minn. 


Price. 


$0.28 
1.00 
2.00 
5.00 
2.00 

100.00 


0.28 
LOO 
L50 
3.00 
2.00 
100.00 


0.30 
1.00 
L50 
4.00 
1.00 
100.00 


0.  32i 
L50 
1.50 
5.00 
1.00 
75.00 


0.  25 
1.00 
J. 50 
5.0() 
3.  <K) 
75.00 


Amount. 


$10,585.40 


1,000.00 
1, 360. 00 


12, 945. 40 


7,775.60 


700.00 
1,720.00 


10, 195.  60 


12,642.00 


L  600. 00 


14, 242. 00 


14,681.87 
300.00 

19,250.00 
100.00 
225.00 


34,556.87 


2.647.60 


480.00 


3,127.60 


75, 067. 37 


8.  Wvatt&Soott, 
Garoiner,  Mont.* 


Price. 


$0.26 
2.00 
0.80 
2.00 
2.00 
250.00 


Amount. 


$11,203.75 
400.00 

7,700.00 
200.00 
750.00 


20,343.76 


9.  Wm.  Z.  P:ip. 

tollo.  Wodhine- 

(on,  D.  C.  t 


Price. 


Amotint. 


$0.22 

$8, 317. 10 

3.75 

LOS 

6.00 

2.00 

1,  000.^)0 

27.00 

3«7.2« 

0.22 
3.75 
LOS 
6.00 
2.00 
27.00 


0.22 

3.75 
LOS 
6.00 
2.00 
27.00 


9,684.3U 


0.22 

6,109.40 

3.75 

LOS 

6.00 

2.00 

700. 00 

27.00 

464.  40 

7,  273.  KJ 

0.22 

9.270.80 

8.75 

LOS 

6.00 

2.00 

27.00 

432.00 

9,702.80 


9, 9:i8.  StO 
7o0.00 

23,100.00 

20*- ».  VO 

8L0O 

34,009.50 


2.329.80 


172.80 


2.5412.60 


63,233.00 


^Accepted. 


tAooopted  for  sections  1,  2,  8,  and  5. 


Abstract  of  proposals  for  building  a  dweUing-housej  office  and  warehousCf  and  stable  at 
Mammoth  Hot  Springs,  Wyo.,  opened  April  25,  1891,  by  MaJ.  W,  A.  Jones,  Carps  of 
Engineers, 


No. 


2 
8 

4 


Kame  and  address  of  Mdder. 


Donohne  Sl  HofiOnan,  St.  Paul,  Minn  — 

R.  C.  Thomas,  Livingston,  Mont 

William  C.  Douglasj*,  Livingston,  Mont 
Forstor  &,  Smith,  Minneapolis,  Minn  . . . 


For  the  bnild- 
ings  oomplo 


•$12,000. 

10,850. 
9,800.4 
9,000. 

12,445. 


All  rejected. 

*  Xo  plumbing.    'Will  construct  tlio  buildings  complete  for  $10,850  provided  they  are  awazded  t" 
contract  for  buildings  at  Gamp  Sberidoa. 
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Abstract  of  proposah  for  team  hire  opened  May  30, 1891,  hy  Maj.  W,  A.  Jones,  Corps  of 

Engineers. 

[Horse  or  mnle  teams,  with  drivers  and  equipment.] 


Xo. 


1 
2 

8 

4 


Xame  and  addresn  of  bidder. 


Geo.  Parker  &.  Co.,  Hartings,  Minn. . . 
W.  A.  CamplH*ll,  Dodge  Center,  Minn. 
Mallory,  CuBhinc  &.  Co.,  Ontahn,  >«ebr 
AlbertX.  Love,  Livingston,  Mont 


Teams. 


70 
70 
70 
70 


Price  per 
team  per 
day  of  ten 
hours. 


$8.90 
0.90 
6.75 

*5.10 


*  A(M'.f.pted. 

REPORT  OF  LIEUT.  W.  E.  CRAKHIILL,  CORPS   OF    ENGINEERS,  ON  SURVEY  IN    YELLOW- 
STONE PARK,  OCTOBER  AND  NOVEMBER,  1890. 

The  party  as  finally  organized  consisted,  besides  m5'^8elf,  of  the  following : 

Transitman 1 

Leveler 1 

Rodman 1 

Chainmen 2 

Flagman 1 

Axnien 2 

Cook 1 

Second  cook 1 

Packors 3 

Guide  and  packer •. . . .  1 

The  transportation  wliilc  we  were  away  from  the  wa^on  roads  consisted  of  20  head 
of  horses,  of  which  12  carried  packs.  After  reaching  the  end  of  the  road  on  Yellow- 
stone Lake  2  fonr-mule  teams  with  wagons  were  substituted  for  the  packs. 

-The  inslrmnental  work  of  the  survey  was  begun  on  the  13th  of  October,  at  Old 
Faithful  Geyser.  From  this  point  the  line  was  run  up  the  Firehole  River  by  the 
south  shore  of  Shoshone  Lake  to  Yellowstone  Lake,  thence  to  the  outlet  of  Yellow- 
stone Lake  and  down  the  Yellowstone  River  to  Inspiration  Point.  The  total  dis- 
tance was  63.91  miles.  We  were  much  delayed  by  the  weather,  which  was  continu- 
ally stormy  during  the  first  two  weeks.  The  snow  by  this  time  had  accumulated  to 
a  depth  of  18  inches  or  more,  and  not  only  were  the  labor  and  discomforts  of  the  party 
very  much  increased  thereby,  but  it  was  also  a  matter  of  doubt  whether  the  horses 
could  keep  alive  when  the  grass  was  so  thickly  covered  with  snow.  From  October 
19  to  November  5  the  weather  was  clear  and  comparatively  warm,  but  the  snow 
on  the  ground  made  walking  very  hard  until  October  31,  when  we  reached  the  west 
end  of  Yellowstone  Lake.  From  November  5  to  November  17  when  the  transit 
work  was  completed,  snow  fell  nearly  every  day  and  the  weather  was  cold,  probably 
15°  below  zero  at  times.  The  party  was  not  sufficiently  strong  in  the  lower  ranks. 
In  the  heavy  timber  the  entire  transit  party  was  often  delayed  because  there  were 
so  few  axmen,  and  in  the  timber  the  level  party  could  have  gotten  along  faster  if  an 
axman  had  been  attached  to  it.  As  the  speed  of  the  survey  was  determined  by  the  rate 
of  the  level,  an  axman  at  this  point  would  probably  more  than  have  saved  his 
wages.  An  extra  man  or  two  would  have  decidedly  improved  the  morale  of  the 
party,  because  I  would  then  have  been  able  to  discharge  disaffected  ones  without 
CTippling  the  party. 

We  haS  with  us  1  transit  and  1  level  only.  There  should  have  been  2  of  each  to 
provide  for  accidents.  The  country  passed  over  was  extremely  rough,  and  the  snow 
on  the  ground  made  constant  falls  unavoidable.  The  transit  was  broken  once  Mid 
it-s  tripod  once,  and  we  were  fortunate  in  being  able  to  repair  the  injuries  suffi- 
ciently well  to  continue  the  work.  The  leveling  rod  was  of  the  target  variety.  A 
self-reading  one  would  have  expedited  the  work. 

The  method  of  work  pursued  was  similar  to  that  used  in  railroad  work.  Stakes 
were  driven  at  100  feet  distance  apart  and  numbered  consecutively  from  the  begin- 
ning, and  the  number  writter  on  the  stake.  The  angle  of  the  first  course  with  the 
magnetic  meridian  was  read,  and  afterwards,  at  each  point  of  change  of  direction, 
the  angle  to  the  right  or  left  was  read.  The  compass  was  read  occasionally  as  a 
check.  Levels  were  taken  at  every  station  and  at  intermediate  points  of  interest. 
Where  the  slope  across  the  line  was  greater  than  1  in  20  the  level  of  points  9  feet 
(half  the  width  of  the  roadway)  on  either  side  of  the  line  was  taken.  Bench  marks 
were  established;  generally  on  a  convenient  tree,  at  intervals  of  about  1,000  feet. 
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They  wore  uiHrkod  IT.  S.  B.  M.,  and  the  elevation  of  each  above  the  amnmed  dAtnm 
AvjiM  writt«*n  on  it. 

Tliroun;h(iiit  it  waa  neoessary  to  sacrifice  somewhat  the  accuracy  that  might  hare 
hviiii  dettiiable  for  fear  of  being  driven  in  by  snow  before  the  line  was  completed. 
The  accompanying  map  and  profile  show  the  route  passed  over  and  the  details  of  the 
proposed  road,  f^rom  station  0  to  station  182,  3.4  miles^  tbe  line  follows  the  road 
alreadv  partly  completed.  From  station  182  to  station  344,  3.1  miles,  the  line  fol- 
lows the  course  of  the  Firehole  River.  It  lies  jB^euerally  through  timber  and  the 
construction  of  the  road  will  present  no  difllculties,  as  in  tliia  section  there  will  be 
but  little  cntting  or  side-hill  work.  From  station  344  to  station  384,  0.8  mile,  the 
line,  having  left  the  Firehole,  follows  the  bed  of  one  of  its  tributaries  towards  the 
Huniniit  of  Grant  Pass,  in  the  Continental  Divide.  In  this  section  the  work  will  be 
continuously  side-hill  cntting,  the  line  crossing  tbe  stream  repeatedly.  This  stream 
is,  however,  insignificant,  and  can  easily  be  carrie<l  in  the  <litches  of  the  road.  I'Yom 
station  380  to  station  451,  1.3  miles,  the  line  passes  through  Grant  Pass.  This  pass 
is  flut  and  quite  smooth,  so  that  the  principal  work  of  bnildiug  the  road  will  be  in 
removing  the  timber  and  finishing.  From  station  451  to  station  477,  0.5  mile,  the 
Hue  runs  through  an  open  meadow  and  presents  no  difficulties.  Beyond  this  meadow 
it  was  a  question  whether  to  follow  Shoshone  Creek  to  Shoshone  Lake  or  to  go  down 
the  ridge  between  Shoshone  Creek  and  the  creek  next  to  the  southward.  A  trial  line 
was  partly  run  over  the  latter  route,  but  wiis  afterwards  abandoned,  because  the 
ridge  wasfound  to  be  extremely  rough  and  broken,  necessitating  a  summit  higher 
than  that  in  Grant  Pass  of  the  Continental  Divide,  ana  the  descent  into  Shoshone  Gey- 
ser Basin  would  be  sharp  and  long.  For  these  reasons  the  alternate  route  by  Shos- 
hone Creek  was  taken.  The  objections  to  it  are  that  in  its  upper  ^art  the  aides  of 
the  caAon  of  the  creek  are  rather  steep,  necessitating  considerable  side-hill  catting, 
and  in  its  lower  part  the  bed  of  the  creek  is  a  great  swamp.  From  station  477  to 
station  584,  2  miles,  the  line  follows  this  creek.  For  the  first  part  of  ^is  distance,  or 
from  station  477  to  station  525,  the  canon  of  the  creek  is  narrow  and  crooked,  but  its 
sides  are  earth  slopes  and  present  little  difficulty.  From  statiou  525,  however,  the 
bottom  widens  out  into  a  swamp  through  which  the  stream  makes  ite  way  in  a  tor- 
tuous course,  winding  from  side  to  side  in  such  a  way  that  the  only  choice  was  be- 
tween crossing  it  repeatedly  and  cutting  the  road  into  the  sidehills.  The  latt<er 
course  was  objectionable  because  the  sidehills  are  full  of  springs,  and  for  a  oon.sider- 
able  distance  are  more  swampy  than  the  bottom  itself.  This  bottom  swamp  extends 
from  station  525  to  station  5.50,  0.5  mile.  It  is  covered  throughout  with  gr.iss  and 
trees,  and  I  think  has  a  foundation  of  hard  gravel  about  2  or  3  feet  fh>m  the  surface. 
The  bed  of  the  creek  is  hard  and  made  up  of  small  angular  fragments  of  volcanic 
rocks.  The  condition  of  the  swamp  can,  1  think,  be  improved  to  such  an  ext^ent  by 
drainage  and  perhaps  by  cutting  oft  some  of  the  bends  in  the  creek  so  as  to  inere4isie 
its  slope,  that  the  construction  of  the  road  will  not  present  as  much  difficulty  as 
might  at  first  seem.  From  station  564  to  station  592  the  line  passes  through  the  Shos- 
hone Geyser  Basin.  The  soil  is  gcyHcr  "  fonuation"  and  will  have  to  be  well  covered 
with  clay  hauled  from  the  Hidohills.  From  station  592  to  station  612-f-8,  1,938  feet,  the 
line  crosses  a  swamp,  which  will  have  to  be  bridged  or  else  filled  for  the  roadbed. 
The  bottom  of  the  swamp  seems  to  be  hard,  but  it  is  subject  to  overflow  from  the 
lake.  From  station  612  -f  8  to  station  652  -f-  80, 0.75  mile,  the  land  follows  the  beach 
thrown  up  between  the  lake  and  the  marsh.  This  beach  is  of  gravel  and  sand,  and 
has  a  sufiScient  width  above  high-water  mark  for  the  roadbed.  Clay  will  have  to 
be  hauled  Arom  either  (Mid  for  covering.  From  station  652  -f-  80  to  station  747,  1.5 
miles,  the  line  follows  closely  the  Hhore  of  the  lake,  the  intention  being  to  bnild  the 
road  partly  in  the  water,  excavating  the  necessary  material  from  the  sidehill. 
which  is  here  steep.  The  bottom  of  the  lake  slopes  very  gradually  and  is  hard. 
formed  of  angular  volcanic  gravel.  Along  this  part  it  seeins  to  be  not  much  exposed 
to  storms.  The  lake  level  seems  not  to  be  subject  to  much  fluctuation,  the  difierence 
between  high  and  low  water  being  not  over  1  foot,  I  should  Judge  from  the  indica- 
tions on  the  shore.  I'Yom  station  747  I  started  a  trial  line,  intending  to  follow  far- 
ther the  lake  shore,  but  this  was  abandoned  and  the  line  taken  by  the  shorter  cut  over 
the  hill  to  the  month  of  Moose  Creek.  For  one-halfmile  or  more  at  the  point  where  the 
lake  is  narrowest,  the  south  shore  is  a  ledge  of  solid  rock  rising  nearly  vertical  from 
the  water,  and  at  times  even  overhanging.  This  shore  is  evidently  subject  to  quite 
severe  gales,  which  would  render  it  difficult  to  maintain  a  roadway  built  at  the 
water's  edge.  A  saving  in  distance  estimated  at  0.75  mile  was  made  by  goingover  th< 
hill.  From  station  747  to  station  918  +  64,  3.3  miles,  is  occupied  by  this  crossing  t( 
the  valley  of  Moose  (^reek.  The  ascent  to  the  to])  of  this  divide  is  made  in  the  bed 
of  a  little  creek  which  at  the  time  of  the  survey  was  completely  dry.  There  will  be 
but  little  side-hill  work.  From  station  839  to  station  858,  1,900  feet,  is  on  the  top 
of  the  hill  aud  very  flat.  The  principal  work  will  be  in  removing  the  timber.  From 
statiou  858  to  station  918  -f  64,  6,064  fe«t,  beiujj  the  d«*scontof  the  Moose  Creek  side, 
the  work  is  more  difficult,  being  generally  on  the  side  hill.    There  are  some  indica- 
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tions  of  rock  under  the  Bnrface^  but  there  was  so  much  sqow  on  the  gtotind  that  this 
was  a  question  that  could  not  well  be  detennined.  From  station  9184-  64  to  station 
928  -f  91, 1,027  feet,  is  the  crossing  of  the  swamp  at  the  mouth  of  Moose  Creek.  This 
will  either  have  to  be  on  a  bridge  or  a  fill.  Moose  Creek  will  have  to  be  crossed  by 
a  bridge  about  50  feet  long.  The  swamjp  is  very  soft  and  deep,  and  with  lunch  quick- 
sand. It  is  flooded  by  the  backwater  trom  beaver  dams  in  the  cretfk.  From  station 
928  -f-  91  to  station  963,  0.6  mile,  the  line  follows  the  beach  thrown  up  between  the 
lake  and  the  swamp.  It  is  similar  in  its  nature  to  the  one  at  the  west  end  of  the  lake. 
From  station  963  to  station  1002,  0.7  mile,  the  line  ascends  to  and  follows  the  beach 
above  the  lake  shore.  From  station  1002  to  station  1020,  1,800  feet,  it  is  again  at 
the  water  level.  The  bottom  is  similar  to  that  already  described.  From  station 
1020  to  station  1440,  7.9  miles,  after  crossing  Lewis  River,  the  line  passes  through 
most  favorable  country,  the  most  of  it  being  not  timbered.  The  ascent  to  the  top  of 
the  divide  is  made  in  the  valley  of  a' little  creek  which  is  dry  except  in  the  spring. 
Its  valley  is  flat,  and  there  will  be  little  to  be  done  beyond  ditching  and  finishing. 
From  station  1190  to  station  1440,  4.7  miles,  i.  6.,  from  the  top  of  the  divide  to  the 
Warm  Spring  Camp,  the  location  is  favorable,  although  not  so  good  as  that  on  the 
Shoshone  side  of  the  divide.  The  creek  down  which  the  course  lays  was  dry  in  its 
upper  part  at  the  time  of  the  survey.  From  the  Warm  Spring  Camp  to  Blufi'  Point 
(from  station  1440  to  station  1587,  2.75  miles)  the  line  follows  closely  the  shore  of  the 
lake,  the  locations  being  on  the  bench  about  15  or  20  feet  above  the  level  of  the  lake. 
The  soil,  except  where  it  is  spring  deposit,  is  like  that  on  the  shore  of  Shoshone  Lake, 
having  more  clay  in  it  than  that  nearer  the  outlet  of  Yellowstone  Lake.  The  charac- 
ter of  the  gravel  is  different  also,  being  made  up  generally  of  au^lar  fragments  of 
porous  volcanic  rock.  At  Bluff  Point  (between  stations  1587  and  1615,  0.5  mile)  there 
is  a  section  of  heavy  side-hill  work.  From  station  1615  to  station  1672, 1.1  miles,^he 
line  is  again  on  the  level  bench.  From  station  1672  to  station  1790,  2.1  miles,  it  is 
on  the  beach  of  the  lake  which,  except  to  station  1706, 0.6  mile,  is  a  sand  and  gravel 
ridge  thrown  up  by  the  waves,  and  having  a  smaller  lake  or  lagoon  on  its  inner  side. 
It  will  be  necessary  to  haul  clay  for  its  covering.  The  rest  of  this  section,  1.6  miles, 
is  at  high-water  mark  on  the  beach,  which  is  at  the  foot  of  a  slope  of  sand.  This 
sand  is  so  loose  that  in  order  to  form  the  roadbed  it  will  be  simply  necessary  to 
scrape  material  from  the  bottom.  That  above  will  continually  roll  down.  Where- 
ever  the  road  is  near  the  lake  level  its  outer  edge  should  be  well  protected  by  riprap 
to  preserve  it  fi*om  the  violence  of  the  waves.  From  station  1790  to  station  2071, 
5.3  miles,  the  line  is  on  the  bench  that  forms  the  lake  shore,  bnt  little  will  be  re- 
quired for  its  construction  beyond  the  clearing  away  of  the  timber,  but  ditching  and 
hnishing.  From  station  2071  to  station  2425,  6.8  miles,  the  line  follows  the  partly 
eouipleted  roa<l.  From  the  Lake  Hotel  to  Mud  Geyser  (from  statiou  2425  to  station 
2802  -|-  52,  7.1  miles)  it  follows  the  course  of  the  river  quite  closely,  except  where  a 
saving  in  distance  could  be  effected  in  the  bends.  At  the  Mud  Geyser  (from  station 
2802 '{-  52  to  station  2827)  there  is  a  short  section  of  about  0.5  mile  of  heavy  side- 
hill  work,  the  excavation  of  which  will  be  partly  in  rock  aud  spring  deposit.  In  pass- 
ing through  Hay  den  Valley  (from  statiou  2827  to  statiou  3108,  5.3  milc^)  the  line 
follows  the  river.  A  large  portion  of  this  is  side-hill  work,  but  the  soil  will  be  easy 
to  work  and  there  is  no  timber.  Some  corduroy  will  be  needed  for  the  swamp  near 
the  southern  end,  but  fortunately  it  is  not  far  irom  this  point  to  the  timber  on  the 
hills.  From  station  3108  to  station  3143,  0.7  mile,  the  Hue  is  near  the  rivei'^s  edge 
at  the  foot  of  the  bank,  which  is  bluff.  From  station  3143  to  station  3190, 0.9  mile, 
the  line  comes  again  to  favorable  country.  From  station  3190  to  statiou  3243,  1 
mile  to  the  old  hotel  sit>e,  it  follows  the  old  roadway  except  for  a  few  hundred  feet 
near  the  hotel.  It  was  at  first  my  idea  that  this  portion  of  the  line  should  follow 
the  course  of  the  river  so  as  to  give  a  view  of  the  Upper  Falls  and  of  the  rapids,  but 
after  a  closer  examination,  I  concluded  on  account  of  the  great  difficulties  of  this 
location  that  it  would  be  better  for  the  present  to  continue  to  use  the  old  road, 
which  is  also  shorter.  It  is  not  more  than  200  yards  from  the^old  hotel  site  to  the 
Upper  Falls,  and  from  the  nature  of  the  ground  a  road  could  be  opened  there  at  a 
very  small  cost.  This  would  give  access  for  vehicles  to  the  Upper  1'  alls  and  Rapids. 
From  station  3243  to  station  3287  -f-  24,  0.7  mile,  the  line  follows  the  completed  road. 
At  station  3287  +  24  it  leaves  it  a^ain,  turning  off  towards  Inspiration  Point  (338g). 
The  length  of  new  road  to  be  built  here  is  1.8  miles. 

GRADIENTS. 

The  survey  was  carried  over  the  completed  roads  on  the  Firehole  and  that  near  the 
Grand  CaQon  partly  in  order  to  determine  with  some  degree  of  accuracy  what  are 
the  gradients  we  may  allow  in  our  work.  At  both  these  points  there  are  hills 
which  are  sufficient  to  give  the  desired  information.  The  one  on  the  Firehole,  near 
Kepler  Cascade,  gives  examples  of  such  grades  as  it  is  desirable  should  not  be  ex- 
ceeded.   On  the  main  part  of  the  hill  the  gradient  is  about  7^  per  cent  aud  this  is 
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eaAed  off  towards  the  top  to  4  per  cent  and  finally  to  an  even  gentler  slope.  At  in- 
terme<liate  points  on  the  stepper  part  there  are  also  short  lengths  of  a  gentler  slope. 
These  are,  I  think,  important  where  practinahle^  as  affording  intervals  of  relief  for 
the  horses.  It  is  also  important  to  make  the  slopes  on  the  curves  very  gentle,  as  at 
these  points  the  teams,  especially  long  freight  trams,  can  not  exert  their  strength 
so  well  as  on  a  straight  portion  of  the  road.  For  this  reason,  also,  it  is  hetter,  where 
possihie,  to  make  the  hill  perfectly  straight.  On  the  Grand  Cafion  Hill  the  circum- 
stances made  it  impossible  to  keep  the  gradient  as  low  as  is  best,  and  for  900  feet  it  is 
9^  per  cent.  This  is  as  steep  as  should  he  allowed  on  long  grades,  and  in  order  that 
the  horses  may  not  have  to  pull  so  hawl  at  the  top  of  the  hill  where  they  will  be 
tired,  the  steep  part  should  be  followed  by  a  lesser  grade.  This  is  illustrated  in  the 
Grand  Cafion  llill.     The  gradients  from  the  bottom  to  the  top  are  as  follows: 

Per  cent* 

For  900  feet  gradient 9.33 

For  1,300  feet  gradient 4.6 

For  950  feet  gradient 1. 6 

For  short  pulls  not  exce«'(ling  1(K)  or  2<H)  f»'et  the  gradient  may  be  as  high  a  10  per 
cent. 

My  conclusions  are,  therefore,  as  follows : 

Wherever  the  ground  will  permit  and  the  cost  is  not  exce^ssive  a  grade  of  7^  per 
cent  should  not  be  exceeded.  Wliere,  for  exceptional  reasons,  this  is  not  practicable, 
the  grade  should  not  exceed  9  per  cent  for  long  hills,  and  for  short  ones  of  not  more 
than  100  or  200  feet  10  per  cent  may  bo  allowed.  Within  these  limits  the  natural 
surface  of  the  country  may  be  followed. 

Respectfully  submitted^ 

W.  E.  Craiohill, 
First  Lieut,  Engineers. 
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explorations  and  surveys  in  the  division  of  the  missouri. 

annual  hkportof  captain  william  l.  marshall,  corps  of  engi- 
neers, for  the  fiscal  year  ending  june  30,  1891. 

Headquarters  Division  of  the  Missouri, 

Engineer  Office^  July  1^  1891. 

General  :  I  have  the  honor  to  siibiiut  my  annufil  report  as  engineer 
officer,  Division  of  the  Missouri,  for  tlie  fiscal  year  ending  June  30, 
1891: 

The  office  force  has  consisted  of  one  general  service  clerk,  Frederick 
A.  Peterson.  i 

T^iere  has  been  no  field  work  in  progress  duiing  the  year. 

The  office  work  has  consisted  in  collecting,  compiling,  and  plotting 
geographical  information  for  the  improvement  of  existing  maps,  in 
making  reductions  and  enlargements  and  facsimile  copies  and  tracings 
of  maps  of  military  and  Indian  reservations,  posts,  scouts,  recoimois- 
sances,  for  use  at  these  headquarters  and  elsewhere  in  the  division,  for 
file  and  forwarding. 

During  the  year  the  engineer  officers  of  the  departments  included  in 
this  division  have  forwarded  such  special  reports  and  maps  of  work 
done  as  were  useful  to  the  major-general  commanding  the  division,  as 
well  as  to  the  other  officers  connected  with  these  headquarte>rs. 

LIST   OF  maps   and  TRACINGS  DRAWN. 

Tracing  of  Fort  Kiley  military  reservation,  Kansas,  resurveyed  by 
Lieutenant  Chittenden,  Corps  of  Engineers,  April,  1890. 

Tracing  of  a  sketeh  road  from  E\)rt  Meade,  S.  Dak.,  to  camp  on 
Cheyenne  Eiver,  Captain  Hennissee,  Eighth  Cavalry,  commanding. 

Two  tracings  of  map  showing  the  "Division  of  the  Missouri,"  with 
commanding  officer  and  troops  stationed  at  each  post;  also  camp  of 
troops  in  South  Dakota  and  vicinity  during  the  Indian  campaign, 
1890-'91. 

S943 
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Tracing  of  Mammotli  Hot  Springs,  Yellowstone  National  Park^  show- 
ing proposed  site  for  new  post. 

Tracing  of  map  showing  scene  of  fight  on  Wounded  Knee  Creek, 
Sonth  Dakota,  December  29, 1890. 

Tracing  of  map  showing  scene  of  fight  at  the  Mission  near  Pine  Ridge 
Agency,  South  Dakota,  December  30, 1890. 

Map  and  two  tracings  of  ^^ country  slu>wing  the  different  ]K)sitions  of 
the  troops  during  the  Indian  campaign  in  ^uth  Dakota  duriug  No- 
vember, December,  1890,  January,  1891." 

Map  and  tracing  of  "route  of  Capt.  F.  D.  Baldwin,  Filth  Inlautry, 
fixuD  Fort  Davis,  Tex.,  and  return,"  December,  1888,  and  January,  1889. 

Tracing  of  Fort  Assiniboine  military  reservation  as  described  in  Gen- 
eral Orders  No.  28,  A.  G.  O.,  1888,  showing  the  proposed  reduction  oi 
the  reservation^ 

Maps  reeeired  and  issued: 


Title  of  maps. 


United  States,  showing  military  postA,  departments  and  divisiuna 

Territory  of  the  Uuited  States,  west  of  the  MiHMiHHippi  River 

Map  of  country  compriHiug  Forts  Me-ade,  Cuater,  Keogh,  and  McKin- 

uey,  etc -. 

Map  of  country  aurrounding  Pine  Ridge  and  Roaebud  Indian  agen- 

eiea,  etc 

Man  of  the  Sioux.  Indian  Keaervat  ioua  in  North  and  South  Dakota  and 

a4jft<^nt  territory 


On  band 

June  30, 

1K90. 


r> 


Re4*eived 
during 
1890-91. 


6 

12 

11 
17 

a 


Isaued. 


3 
9 

4 

6 
2 


Made  seven  blue  prints  of  ]na]>8  showing  "the  Division  of  the  Mis- 
souri," with  cx^mmauding  ofti<*.er  and  troops  stationed  at  each  post,  etc., 
et<\ 

Made  fourteen  bhie  prints  of  map  showing  different  positions  of  troops 
diiring  Indian  campaign  in  South  Dakota,  November,  and  December, 
[1890,1  and  January,  1891. 

Made  twenty  blue  prints  of  map  of  light  on  Wounded  Knee  Creek, 
December  29,  1890. 

Made  twenty  blue  prints  of  map  of  tight  at  the  Mission  ne^r  Pine 
Kidge  Agency,  December  30,  1890. 

Made  eight  blue  prints  of  map  of  route  of  Camp  F,  Fifth  Infantry, 


nary,  1889." 

Mounted  seven  maps  on  linen. 
Respectfully  submitted. 

W.  L.  Marshall, 
Captain,  Corpa  of  Engineers j 
Engineer  Officer^  Division  Missouri, 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers,  U.  8.  Army, 
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EXPLORATIONS  AND  SURVEYS  IN  THE  DEPARTMENT  OF  THE  COLUMBIA. 

report  of  captain  charles  h,  clark,  ordnance  department, 

for  the  fiscal  year  ending  june  so,  1891, 

Engineer  Office, 
Headquarters  Department  of  the  Columbia, 

Vancouver  Barracks,  Wash.,  July  J,  1891. 

Sir:  I  bave  the  honor  to  submit  the  following  report  as  acting  chief 
engineer.  Department  of  the  Columbia,  for  the  fiscal  year  ending  June 
3(),  1891. 

This  office  was  in  charge  of  Maj.  C  J.  Lydecker,  Corps  of  Engineers, 
until  May  13, 1891,  when  he  was  relieved  by  operation  of  paragraph  3, 
Special  Orders  No.  80,  Headquarters  of  the  Anny,  dated  April  16, 1891. 
The  undersigned  was  then  directed  by  the  department  commander  to 
take  charge  of  the  office  temi)orarily.  • 

FIEIJ)  operations. 

The  field  operations  during  the  year  have  been  as  follows: 

1.  Surveys  of  roads  in  the  military  reservation  of  Vancouver  Bar- 
racks, Wash. 

2.  Resurvey  of  the  boundaries  of  the  Bois6  Barracks  military  reserva- 
tion.   ^Left  Vancouver  Barracks  October  23,  returned  November  5.) 

3.  Minor  surveys  rendered  necessary  by  changes  and  improvements 
on  the  Vancouver  Barracks  military  reservation. 

OFFICE  WORK. 

The  office  work  has  included  the  preparation  of  maps  and  reports 
based  on  the  surveys  referred  to  above,  the  addition  to  the  progress 
sheets  of  the  department  map  of  all  new  information  as  re<*<eived  from 
time  to  time,  various  reports  in  relation  to  matters  refened  to  this 
office  for  information  and  action,  and  miscellaneous  work,  as  follows: 

Department  maps  iBsued 22 

Map  and  plans  drawn  by  hand 14 

Tracings  for  issue  and  office 21 

Solar  prints  214 

Negatives  for  official  use 8 

Maps  mounted  on  linen 16 

Reports  of  scouts  received  and  recorded 13 

PERSONNEL. 

General  Service  Clerk  Charles  A.  Uomaii  was  in  tliis  office  as  assist- 
ant from  the  datfe  ot  last  report  until  Sei)teiuber  12,  1890.  General 
Service  Clerk  Napoleon  de  Grace  Dion  was  then  assigned  to  this  office, 
and  has  remained  since  that  time.  There  has  been  no  other  office  force. 
No  funds  have  been  available  for  use  in  this  office  during  the  year. 
Stationery  and  such  other  materials  as  were  imperatively  necessary  for 
carrying  on  the  operations  of  the  office  were  supi)1ied,  as  usual,  by  the 
Quartermaster  Department. 

Very  respectfully,  your  obedient  servant, 

Charles  H.  Clark, 
Capt,  of  Ordnance  Dept, 

In  charge  of  office. 
Brig.  Gen.  Thomas  L.  Casey, 

Ghief  of  Engineers,  U.  S.  A. 
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explorations  and  surveys  in  the  department  of  the  platte. 

iieport  of  lieutexant  charles  a,  worden,  seventh  infantry, 

for  the  fiscal  tear  ending  june  so,  1891. 

Engineer  Office, 
Headquarters  Department  of  the  Platte, 

Omaha,  Nebr.,  July  1, 1891, 

Sir  :  I  have  the  honor  to  submit  my  annual  report  as  acting  engineer 
officer  of  the  Department  of  the  Platte  for  the  fiscal  year  ending  June 
ao,  1891.   • 

The  work  performed  in  this  office  during  the  year  has  been  princi- 
pally map  compilation.  The  following  named  maps  have  been  pre- 
pared: 

"Map  of  the  Pine  Kidge  and  Rosebud  Indian  Reservations  and  sur- 
rounding country."  This  map  is  projected  on  a  scale  of  1:1,000,000, 
and  embraces  the  territory  surrounding  the  Pine  Ridge  Indian  Agency 
for  a  radius  of  nearly  200  miles.  It  was  compiled  from  the  best  obtain- 
able data  for  the  use  of  the  troops  engaged  in  the  recent  Indian  cam- 
l)aign  in  South  Dakota,  and  has  been  corrected  from  time  to  time  so  as 
to  be  as  complete  and  reliable  as  its  scale  will  permit. 

Another  map  of  the  country  surrounding  the  Pine  Pidge  and  Rose- 
bud Indian  agencies,  on  a  scale  of  8  miles  to  an  inch,  showing  more 
details  than  the  former  map,  has  been  (jompiled  from  nume;*ou8  maps, 
sketches,  reports,  etc.,  of  officers  and  scouts  engaged  in  the  campaign. 

Two  hundred  and  twelve  blue  print  copies  of  these  maps  have  been 
made  and  distributed  to  the  officers  in  this  and  other  military  depart- 
ments requesting  them. 

About  thirty  maps  of  the  Department  of  the  Platte  and  adjacent 
territory  west  of  the  l()3d  meridian  have  been  issued  on  request,  be- 
sides numerous  other  maps,  tracings,  blue  i)rints,  ete. 

By  direction  of  the  department  commander  a  map  of  that  portion  of 
this  department  east  of  the  one  hundred  and  third  meridian,  which 
will  include  the  States  of  Iowa,  Nebraska,  South  Dakota.,  Kansas,  and 
portions  of  Missouri,  Minnesota  Wisconsin,  and  Illinois,  was  com- 
menced last  fall.  This  map  is  projected  so  as  to  join  the  map  of  the 
western  portion  of  this  department  already  published,  thus  making 
one  map  of  the  entire  department  witli  adjacent  territory.  Numerous 
county  maps  have  been  received  from  the  county  surveyors  in  Iowa, 
Nebraska,  and  South  Dakota  for  use  in  the  compilation  of  the  above- 
named  map,  and  it  is  ex])ected  to  be  completed  for  publication  before 
the  end  of  the  next  fiscal  year. 

Drawing  supplies  for  tliis  office  have  been  received  from  the  Quar- 
ti^rmaster's  Department. 

Engineering  instruments,  note  books,  etc.,  have  been  issued  on  mem- 
orandum receipts  to  the  various  posts  in  this  department  whenever 
requested. 

Very  respectfully,  your  obedient  servant, 

CnAS.  A.  WORDEN, 

First  Lleufenanty  kS(?t'enth  Infantry , 

Acting  Engineer  Officer. 

Brig.  Gon,  Thomas  L.  Tasey, 

Chief  0/  Engineer H,  U,  IS,  A, 
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explorations  and  surveys  in  the  division  op  the  pacific. 

a2fnualberoitt  of  lieutenant  james  e.  buncie,  first  artillery. 

for  the  fiscal  tear  ending  june  so,  1s9i. 

Engineer  Office, 
Headquarters  Division  of  the  Pacific, 

San  Francisco^  Cal.,  June  30y  1891. 

Sir  :  I  have  the  honor  to  submit  my  report  of  operations  for  the  fiscal 
year  ending  June  30, 1891. 

Since  rendering  my  report  for  the  last  fiscal  year  (1890)  I  have  been 
on  duty  at  these  headquarters  as  acting  engineer  officer,  under 
authority  of  the  Secretary  of  War,  and  by  vir^e  of  General  Orders 
No.  2,  dated  Headquarters,  Division  of  the  Pacific,  March  3, 1888. 

Assistant  C.  WiDstanley  has  been  continually  on  duty  in  this  office 
as  topographer  and  draftsman.  Owing  to  the  fact  that  he  has  been 
assigned  to  duty  as  assistant  to  the  (Svision  inspector  of  artillery, 
very  little  has  been  accomplished  in  the  way  of  office  work,  which  has 
consisted  of  the  following: 

ORIGINAIi  DRAWINGS. 

Drawings  for  hospital  steward's  quarters  for  Fort  Mason,  Cal. 

Diagram  showing  the  position  of  troops  at  the  funeral  of  the  King  of 
the  Hawaiian  Islands. 

Colored  maps  of  the  Departments  of  California  and  the  Columbia  for 
the  division  commander. 

TRACINGS. 

Drawings  for  hospital  steward's  quarters  at  Fort  Mason,  Cal. 

Map  of  portions  of  Tulare,  Inyo,  and  Fresno  counties,  Cal. 

Map  of  the  part  of  the  city  of  San  Francisco  referred  to  in  H.  R.  7522, 
United  States  Senate. 

Diagram  showing  the  position  of  troops  at  the  funeral  of  the  King  of 
the  Hawaiian  Islands. 

Map  of  San  Diego  Bay,  showing  the  proposed  defenses. 

BLUE  PRINTS. 

•Drawings  for  hospital  steward's  quarters  at  Fort  Mason,  Cal.,  6 
sheets.  » 

Map  of  portions  of  Tulare,  Inyo,  and  Fresno  counties,  Cal.,  8  sheetvS. 

Diagram  of  the  position  of  troops  at  the  funeral  of  the  King  of  the 
Hawaiian  Islands,  7  sheets. 

Two  maps  of  San  Diego  Bay,  shQwing  proi)osed  defenses,  2  sheets. 

MAP  MOUNTING. 

Map  of  the  Department  of  California,  for  the  division  commander,  1 
sheet  J  map  of  the  Department  of  California,  for  the  assistant  adjutant- 
general,  1  sheet;  two  maps  of  the  Department  of  the  Missouri,  8  sheets; 
two  maps  of  the  Department  of  Dakota,  2  sheets;  map  of  the  Depart- 
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meat  of  California,  in  book  form,  1  sheet;  four  maps,  geological  survey 
of  the  State  of  California,  16  sheets;  map  of  Yosemite  VaUey,  1  sheet; 
three  maps  of  Yosemite  ^National  Park,  3  sheets;  Land  Office  map  of 
the  State  of  Cahfomia,  2  sheets;  repaired  and  remounted  map  for  the 
chief  quartermaster  of  the  division. 

Very  respectfully,  your  obedient  servant, 

J.   B.  RUNOIE, 

First  lAeutj  First  Artillery y  Acting  Engineer  Officer, 

Brig.  Gen.  Thomas  L.  Casey, 

Chief  of  Engineers^  U,  8.  Army. 


,.  .J 


INDEX. 


SXTBJBCT. 


A. 

Aberdeen,  Wash.,  bridging  Chehalia  River 
at 

Acta  of  Fifty-first  f'oiigreas,  second  aeasion, 
affecting  Corps  of  Eiiginoera 

Agate  Bay  Harbor,  Miiin.,  improveineut  of. 

Ahnnpee  Harbor,  Wis.,  improvement  of 

Alabama  River,  Ala.,  improvement  of 

Alabama  River,  Ala.,  up  to  Wetumpka,  ex- 
amination of 

Albemarle  Sound,  N.  C,  and  2<forfolk  Har- 
bor, Va.,  water  "wray  between,  improve- 
ment of 

Alexandria,  La.,  bridging  Red  River  near. . 

Allegheny  Bridge  Company,  bridge  of, 
acroaa  Alleglieiiy  RiveY,  Pa 

Allegheny  River,Pa.,  at  Sixth  street,  Pitta- 
burs:,  bridging 

Allegheny  River,  Pa.,  dam  at  Herr  Island, 
construction  of 


Allegheny  River,  Pa.,  improvement  of 

AUouez  Bay,  at  Superior,  Wis.,  examina- 
tion of 

Alloway  Creek,  IT.  J.,  improvement  of 

Alsea  Bay,  Oregon,  examination  of 

Alsea  River,  Oregon,  examination  of 

Altamaba  River,  Go.,  improvement  of. 


Alton,  III., bridging  Misaisaippi  River  at.. . 

Alviso  Creek,  C^l.,  examination  of 

Alvlao  Harbor,  Cal..  examination  of 

Anoosbury,  Maas.,  bridge  acroaa    Powow 

River  at 

Amite  River.  La.,  improvement  of 

Anaooatia  River.    (See  Eastern  Branch  of 

Potomac  River.) 
Annie  J.  Russell  (schooner),  removal  of 

wreck  of. 

Apalachicola  Bay,  Fla.,  improvement  of 

Apalachicola  River,  Pla.,  improvement  of. . 
Appomattox  River,  Ya.,  improvement  of. . . 
Appoquinnimink  River,  Bel.,  improvement 


Approaches  to  Norfolk  Harbor,  Va.,  im- 
provement of 

Aqueduct,  Washington,  maintenance  and 
repair  of 

Aqnia  Creek,  V».,  improvement  of 

Aransas  Bay,  Tex.,  examination  for  removal 
of  Half  Moon  Reef 

Arkansas  River,  Ark.,  at  Dardanelle,  bridg- 
ing   

Arkansas  River,  Ark.,  Ind.  T.,  and  Kana., 
Improvemen  tof , 

Arkanaas  River,  Ark.,  Ind.  T.,  and  Kana., 
removing  obstructions  in , 

Arthur  SIul,  N.  Y.  and  N.  J.,  improvement 
of 


Page. 


Arthur,  Lake,  La.,  course  of  Mermenton 
River  through,  examination  and  survey  of. 

Ashlnnd  Harbor,  Wis.,  improvement  of . . . . 

Ashley  River,  S.  C,  bridge  obstructing.... 

Ashley  River,  S.  C,  improvement  of 

Ashtabula  Harbor,  01\io,  improvement  of . . 

Astoria  Harbor,  Oregon,  establishment  of 

.  harbor  lines  in 

Astoria,  Oregon,  and  Woods  Landing,  Co- 
lumbia River  between,  examination  for 
•nagging 
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Aatoria,  Oregon,  iv reck  in  Columbia  Biver 
near,  removal  of 

Atohafalaya  Klver,  La.,  to  Cottonport, 
Bayou  dos  Glaisea  from,  examination  of. 

Atlantic  City,  thoronghfare  between  Great 
Bay  north  of,  and  Cape  May,  If.  J.,  ex« 
anunaUon  of. 

Augusta,  Ga.,  bridge  obstructing  Saran- 
nah  River  below 

Augusta,  Me.,  and  Waterville,  Me.,  Ken- 
nebeo  Biver  between,  examination  and 
survey  of 

Au  Sable  Harbor,  Mich.,  improvement  of. . 


Back  Cove,  Portland,  Me.,  bridge  obstruct- 
ing channel  to 

Back  Cove,  Portland,  Me.,  improvement  of 
channel  iu 

Bagaduce  River,  Me.,  improvement  of 

Bafitown,  Pa.,  and  Tionesta,  Tioneata  Creek 
between,  examination  of 

Baltimore  and  Ohio  Southwestern  Railroad 
Company,  bridge  of,  obstructing  Mus- 
kingum Ri  ver,  Oh  lo 

Baltimore  Harbor,  Md.,  improvement  of 

Bamegat  Bay  and  Groat  Egg  Harbor  Bay, 
K.  «r,  sonna  between,  examination  of 

Bamegat  Inlet,  N,  J.,  removal  of  wreck  in  . . 

Barns table,MAS8.,  bridmng channel  between 
Little  Island  and  mamland  at  Ostorville, 
In  town  of 

Barren  River,  Ky.,  operating  and  keeping 
In  repair  lock  andaam  on 

Bartholomew,  Bayou,  La.  and  Ark.,  improve- 
ment of 

Bath,  Me.,  Kennebec  River  at,  establish- 
ment of  harbor  lines  in 

Battalion  of  Engineers 

Batteries,  construction  of 

Bay  Ridge  Channel,  New  York  Harbor, 
ir.  T.,  examination  of 

Bay  Ridge  Channel,  New  York  Harbor,  N. 
y .,  improvement  of 

Bay  River,  N.  C  and  Pamlico  River,  N.  C, 
water  wav  between,  examination  of 

Bayou  Bartiiolomew,  La.  and  Ark.,  improve- 
ment of 

Bayou  Black,  La.,  and  Bayou  Terrebonne, 
examination  for  connection  between 

Bayou  Black,  La.,  for  connection  between 
Calcasieu  Lake  and  Sabine  Lake,  examina- 
tion of 

Bayou  Bceuf,  La.,  improvement  of 

Bayou,  BufTalo,  Tex.,  improvement  of 

BayoD  Carlin,  La.,  examination  of 

Bayou  Castor,  La.,  examination  of 

Bayou,  Cedar,  Tex.,  improvement  of 

Bayou  Chevrcuil,  La.,  examination  of 

Bayou  Cocodrie,  St.  Landry  Parish,  La.,  ex- 
amination of f . . . . 

Bayou  Court4ibloau,  La.,  improvement  of — 

Bayou,  Cypress,  an<i  lakes  between  Jeffer- 
son, Tex.,  and  Shrevcport,  La.,  survey  of . 

Bayou  D' Arbonne,  La.,  improvement  of. 

Bayou  des  Glaises,  La.,  from  Atchafolaya 
liivor  to  Cottonport,  examination  of 

Bayou,  double,  Chambers  County,  Tex., 
mouth  of,  examination  of 

Bayou  1a  Fourche,  La.,  improvement  of 

Bayou,  La  Grange,  Fla.,  impi'ovement  of  — 

Bayou  Ma9on,  La.,  improvement  of 

Bayou  Manchac,  La^  improvement  of 

Bayou  Plaquemiae,  La.,  bridge  obstructing . . 

Bayou  Plaquemine,  La.,  improvement  of 

Bayou  Plaauemine,  La.,  securing  mouth  of, 
Irom  furtner  cavi  ng 

Bayou  Rondeway,  La.,  improvement  of 

Bayou,  Steele,  Wfiss.,  improvemcntof 

Bayou  Teche,  La.,  between  St.  Martinsvillo 
and  Port  Barre,  examination  of 

Bayou  Teohe,  La.,  improvement  of 
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Bayou  Terrebonne,  La.,  and  Bayou  Black, 
examination  for  connection  betireen 

Bayou  Terrebonne,  La.,  betvreen  Houmaand 
Tblbodeaux,  examination  of 

Bayou  Terrebonne,  La.,  improvement  of 

Bayou  Hgre,  La.,  examination  of 

BayonVermilUon,  bay  and  passes,  Ln.,  exam- 
ination of 

Bayou  Vldal,  La.,  improvement  of 

Jteyou,  Wasliington,  Miss.,  improvement  of. 

Beaufort  Harlwr,  V.  C,  improvement  of 

Beaufort,  N.  C,  andNew  Berne,  1^.  C,  water 
way  between,  improvement  of 

Beaufort,  N.  C,  and  New  River,  N.  C,  water 
way  between,  improvement  of 

Beaufort  Kiver,  S.  C,  Unprovement  of 

Beaver  River,  Pa.,  movable  dam  in  Ohio 
River  near  mouth  of,  construction  of 

Bee  Tree  Shoals,  Ala.,  foot  of,  and  Clmtta- 
nooga,  Tenn.,  Tennessee  River  between, 
improvement  of 

Bee  Tree  Shoals,  Ala.,  Tennessee  River  bo- 
low,  improvement  of 

Belfast  Harbor,  Mo.,  improvement  of 

Bellamy  River,  N.  H.,  improvement  of 

Ben  Hur  (tender),  removal  of  wreck  of 

Benjamin  Gartside  (schooner),  removal  of 
wreck  of 

Berwick  Bay,  La.,to  Gulf  of  Mexico.examina- 
tion  of 

Bickmore,  S.  S.  (schooner),  removal  of  wreck 
of 


Big  Barren  River,  Ky.,  above  BowlingGreeu, 
examination  of 

Big  Barren  River,  Ky.,  Green  River  above 
mouth  of  examination  of 

Big  Black  River,  Miss.,  improvement  ot 

Big  Black  foot  River.  Mont.,  mouth  of,  and 
international  bounaar^  line,  Clark  Fork  of 
Columbia  River  between,  examination  of. . 

Big  Hatehee  River,  Tenn.,  improvement  of. 

Big  Sandy  River,  JLevisa  Fork  of,  Ky.,  im- 
provementof , 

Big  Sandy  River,  Russel  Fork  of,  Ky.,  ex- 
amination of , 

Big  Sandy  River,  Tug  Fork  of,  01  and  95^ 
miles  above  Catlettsburg,  Ky.,  bridging. . . 

Big  Sandy  River,  Tug  Fork  of,  W.  Va.  and 
Xy.,  improvement  of 


Big  Sand v  River,  W.  Ya.  and  Ky.,  improve- 


ment o 

Big  Sioux  River,  mouth  of,  and  north  line 
of  South  Dakota,  Missouri  River  between, 
examination  and  survey  of 

Bie  Stone  Lake,  Minn.  andS.  Dak.,  examina- 
tionand  survey  of 

Biff  Sunflower  River,  Miss.,  improvement  of. 

Bills  anthoriziug  construction  of  bridges, 
examination  of 

Biloxi  Harbor,  Miss.,  improvement  of 

Black,  Bayou,  La.,  and  Bayou  Terrebonne, 
examination  for  connection  between 

Black,  Bayou,  La.,  for  connection  between 
Calcasieu  Lake  and  Sabine  Lake,  examina- 
tion of 

Black  Lake  Harbor,  Mich.,  improvement  of. 

Black  River,  Ark.  and  Mo.,  improvement  of. 

Black  River,  Ark.  and  Mo.,  obstruction  of, 
by  logs,  and  ii^ury  to  dam  on 

Black  River  Harbor,  Ohio,  improvement  of. . 
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Black  River,  I^.,  improvement  of. 
Black  River,  Mich.,  atPortHiuron,  improve- 
ment of 

Black  River,  Mich.,  mouth  of,  improvement 


o^. 


Black  River,  Mo.,  improvemont.of 

Black  River,  N.  C,  improvement  of 

Black  River,  S.  C,  below  Kingstree,  exami- 
nation of 

Black  River,  Wash.,  examination  of 

Black  Rock  Harbor,  Conn.,  improvement  of. 

Black  Warrior  River,  Ala.,  between  Tusoa- 
loosa  and  Daniels  Creek,  improvement  of. 
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Block  Island,  It.  I.,  harbor  of  refa|ro  at 

Blue  Hill  Harbor,  Me.,  examination  of 

Blnff  Creek,  Miss.,  improvement  of 

Board  of  Engineers,  Tne 

Boards: 

On  examination  for  deep-water  harbor 
on  Paoifio  coast  between  Points  Duma 

and  Capistrano,  Cnl 

On  examination  for  harbor  of  refuge 

near  mouth  of  Delaware  Bay 

On  examination  for  nhin  canal  to  connect 
Lakes   Union,  Wof«ningt4>n.  and  Sa- 

mamish  witli  Pu^t  Sound,  Wash 

On  improvement  ot  Hudson  River,  If.  Y. 
On  improvement  of  Sacramento  'and 

Featner  rivers,  Cal 

On  investigation  of  mining-debris  ques- 
tion in  California 

On  reexamination  of  Port  Orfoi'd  Harbor, 

Oregon 

On  survey  for  improvement  of  Wilming- 
ton Harbor,  Del 

On  valuation  of  channel  constructed  by 
Buffalo  Bayon  Ship  Channel  Company 

in  Galveston  Bay,  T«^x 

Bo&uf,  Bayou,  La.,  improvement  of 

BcBuf  River,  La.,  improvement  of 

Bogno  Chitto,  La.,  improvement  of 

Bogue  Falia.  La.,  improvement  of 

Bogue  Sound,  N.  C,  improvement  of 

Boquet  River,  N.  Y.,  below  Willsboro,  exam- 
ination of 

Boston  Harbor,  Mass.,  construction  of  case- 
mates at 

Boston  Harbor,  Mass.,  defense  of 

Boston  Harbor,  Mass.,  establishment  of  har- 
bor lines  in 

Boston  Harbor,  Mass.,  improvement  of 

Bowling   Green,  Ky.,    Big  Barren  River 

above,  examination  of 

Brazos  River,  Tex.,  below  Waco,  oxmnina- 

tion  of 

Brazos  Santiago  Harbor,  Tex.,  improvement 

of 

Breakwaters : 

AtGordon  I>anding,LakeChamplain,Vt. 

At  mouth  of  Saco  River,  Me 

At  New  Haven,  Conn 

At  Rouse  Points,  LakeChamplain,  N.  Y. . 
From  Mount  Desert  to  Porcupine  Island, 

Me 

Occupancy  of  and  ix^jnry  to,  by  corpo- 
rations or  individuals 

Breton  Bay,  Md.,  har)>or  at,  improvement  of. 
Bridgeport  Harbor,  Conn.,  improvement  of. . 
Bridges,  examination  of  bills  authorizing 

construction  of 

Bridges  in  Yellowstone  National  Park,  con- 
struction and  iinprovenn.'nt  of 

Bridges  obstructing  navi;ration 

Bridges  proposed  to  be  built  across  naviga- 
ble WKters.  exmnination  of  plans  and  loca- 
tions of 

Bridging  navigable  waters  of  United  States. 
Broaid  Creek,  Md.,  examination  and  survey 

of 

Broad  Creek  River,  Del.,  examination  of 

Broadkiln  River,  Del.,  improvement  of 

Bronx  River,  N.  Y.,  examination  and  survey 

of .*.. 

Browns  Creek,  Savville,  N.  Y.,  improvement 

of .' 

Bruce  (bark),  removal  of  wreck  of 

Brunswick,  Ga.,  outer  bar,  examiiintion  and 

survey  of '. 

Brunswick  Harbor,  Ga.,  improvement  of. . . 
Buckhannon  River, W.  Vs.,  imurovtiment  of, 
Budd  Inlet,  Olympia  llnrbnr.  Wash.,  fVom, 

examination  and  survey  of 

Buffalo  Bayou  Ship  Channel  Company,  val- 
uation of  ciiannel  constructed  in  (xolves- 

ton  Bay,  Tex.,  by 

Buffalo  Bayou,  Tex.,  improvement  of 
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Bnffnlo  Harbor,  "N.  Y.,  improvement  of 

BufiUo  Harbor,  N.  Y.,  occupancy  of  iiorth 
pier  at 

Buffalo,  N.  Y.,  ahip  cliaiiDel  in  connecting 
waters  of  the  Great  Lakes  between,  Chi- 
cago ap.d  Dulutli,  examination  of. 

Building  materials,  t«st8  of 

Buildings,  public,  D.  C,  improrement  and 
care  o"f 

Burlington  Harbor,  Yt.,  improvement  of — 

Buttermilk  Channel,  New  York  Harbor,  K. 
Y.,  examination  of 

Buttermilk  Channel,  New  York  Harbor,  N. 
Y.,  improvement  of 

C. 

Cable  City  Bridge  Conatmction  Company, 
bridgeof  ,  across  Arkansas  River  at  Darda- 
nelles Ark i 

Cable  galleries,  construction  of 

Cache  Kivei\  Ark.,  improvement  of 

Cahaba  Kiver,  Ala.,  improvement  of. 

Calcasieu  Lake,  La.,  and  Sabine  Lake,  con- 
nection between,  via  Bayou  Black,  exami- 
nation of 

Calcasieu  River,  La.,  mouth  and  passes  of, 
improvement  of 

Calitomiu,  investigation  of  mining-debris 

auestion  in 
ooaahntchee  River,  Fla.,  improvement  of. 

Calumet  Harbor,  HI.,  improvement  of. .« 

Calumet  River,lil.  and  Ind.,  improvement  of . 
Cambridge  Harbor,  Md.,  improvement  of. . . 
Camden,  Aik.,  Ouachita  River  above,  im- 
provement of ^ 

Camden  Harbor,  Me.,  improvement  of 

Camden,  N.  J.,  establishment  of  harbor  lines 

at 

Camden,  K.  J.,  harbor  at,  iniprovement  of. . . 
Camden,   S.  C.,  Wateree  River  between, 
and  Falls  of  the  Catawba;  and  bend  about 

4  miles  below,  examination  of 

Canals : 

Cascades  Canal,  Columbia  River,  Ore- 
gon, construction  of , 

Coosa  River,  Ga.  and  Ala.,  operating 

and  care  bf  locks  and  dams,  etc.,  on  . . 

Des  Moines  Rapids  Canal,  operating 

and  care  of 

Fox  River,  Wis.,  operating  and  care  of 

locks  and  dams  on 

Great  Kanawha  River,  W.Va.,  operating 

and  care  of  locks  and  dams  on , 

Green  and  Barren  rivers,  Kv.,  operating 
and  keeping  in  repair  Iocks  and  dams 

on 

Hlinois  and  Mississippi  Canal,  construc- 
tion of 

Illinois  River,  HI.,  operating  and  care 

of  La  Grange  Lock 

Kentucky  Rhrer,  Ky.,  operating   and 

keeping  in  repair  locks  and  dams  on. . 

Louisville  and  Portland  Camil,  Ky.,  op- 

crating  and  care  of "". 

Monongahola  Ri\'er,  operating  and  care 

of  Locks  and  Uwnia  Kos.  8  and  9 

Monongahela  River,  purchase  of  Lock 

and  Dam  No.  7 

Mouongahela  River,  purchase  of  Lock 

and  Dam  No.  6 _ 

Muscle  Shoals  Canal,  Tennessee  River, 

operating  and  care  of 

Muskingnm  River,  Ohio,  operating  and 

care  of  locks  and  dams  on 

Portage  Lake,  Mich.,  with  Jjike  Superior 
and  Keweenaw  Bay, purchase  olT  canals 

connecting  

St.  Clair  Flats  Canal,  Mich.,  improve- 
ment of 

St.  Clair  Flats  Canal,  Mich.,  operating 

and  care  of 

St.  Marys  Falls  Canal,  Mich.,  operating 
.  andcaroof 
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Canapitsit  CbannA,  Mass.,  ozunixiation  and 

aorvey  of 

Canarai'e  Bay,  K.  Y..  impiH)vera€int  of 

Cane  Rlyer.Iia^xamlnation  of 

Caney  Fork  River.  Tcnn.,  improvemeDt  of  . . 
Cape  Ann,  MaasM  harbor  of  rvfuge  at  Sandy 

Cape  Charlea  City  Harlmr,  Ya.,  and  ap- 
proachea  by  Cfaenton  (Cherrystone)  Inlet, 
improvempnt  of 

Cape  Fear,  North  EaatRiver,  N.  C,  improve- 
ment of 

Cape  Fear  River,  N.  C,  above  Wilmington, 
improvement  of 

Cape  Fear  River,  K.C.,at  and  below  Wil- 
minffUm,  improvement  of 

Cane  Hay  and  Great  Bay  north  of  Atlantic 
City,  N.  J.,  tboionghiare  between,  exam- 
ination of 

Gape  May  City,  N.  J.,  examination  for  break- 
water at 

Capistrano  Point  and  Point  Duma,  Cal., 
deep-water  harbor  on  Pacillo  coast  between, 
examination  for 

Carlin,  Bayon,  La., examination  of \.. 

Carqninez  Strait,  Cal.  {S€0  Karqiiinea  < 
Strait.) 

Carthago,  Miaa.,  and  Edinbnrg,  Kiss.,  Pearl 
River  lietween,  improvement  of 

Carthage,  Miaa.,  ana  Jackson,  Miss.,  Pearl 
River  between,  improvement  of 

Cascadea  Canal,  Columbia  River,  Oregon, 
cona  tmction  of 

Casemates,  construction  of 

Castor,  Bayou,  La.,  examination  of 

Catawba,  Falls  of  the,  and  Camden,  Wateree 
River,  S.  C,  between,  examlnaticm  of 

Catlettsburg,  Ky.,  bridging  Tug  Fork  of 
Big  Bandy  River,  91  and  96}  miles  above  . . 

Cedar  Bayou,  Tex.,  improvement  of 

Cedar  Keys,  Fla.,  Boat  or  Number  Four 
Channel  north  and  west  of,  examination  of. 

Cedar  Keys,  Fla.,  harbor  at,  improvement  of. 

Cedar  River  Harbor,  Mich.,  improvement  of. 

Cerulius  (schooner),  removal  of  wreck  of  . . . 

Champlain,  Lake,  Narrows  of,  N.  Y.  and  Vt., 
improreraent  of 

Champlin  Creek,  N.  Y.,  examination  of 

Channel  between  Stat«n  Island  and  Now 
Jersey,  improvement  of 

Cliannei  in  Back  Cove,  Portland,  Me.,  im- 
provement of 

Channel  in  connecting  waters  of  the  Great 
Lakes  between  Chicago,  Dnluth,  and  Buf- 
falo, examination  of 

Cliannei  north  and  west  of  Cedar  Keys,  Fla., 
examination  of 

Charleston  and  South  Side  Bridge  Conipany, 
bridge  of,  across  Great  Kanawha  River, 
W.Ysk 

Charleston  Harbor,  S.  C,  construction  of 
casemate  at 

Charleston  Harbor.  S.  C,  improvement  of . .  . 

Charleston  Harbor,  S.  ('.,  removal  of  wreck 
in  South  Channel  across  Imr 

Charleston,  W.Va.,  bridging  Great  Kanawha 
River  at 

Chai'lev(HX  Harbor,  Mich.,  improvement  of. 

Charlevoix,  Midi.,  bridgiug  I*ine  Lake  near. 

Charlotte  Harbor,  Fla.,  examinatinn  of 

Charlotte  Harbor,  Fla..  improvement  of 

Charlotte  Harbor,  N.  Y.,  improvement  of 

Charts  of  northorn  and  north  western  lakes, 
printing  and  distribution  of 

Chatham  Harbor,  Maas.,  improx-^emont  of 

Chattahoochee  River,  Ga.  and  Ala.,  be- 
tween West  Point  and  Franklin,  exami- 
nation of 

Chattahoochee  River,  Ga.  and  Ala.,  improve- 
ment of 

Chattanooga,  Tenn.,  and  foot  of  Bee  Tree 
Shoals,  Ala.,  Tennessee  River  between, 
improvement  of 
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Chattanooga,  Tenn.,  Tennessee  Kiveraboro, 
improvement  of 

Chattanooga,  Tenn.jTennessee  River  below, 
improvement  of i 

Cheat  lUver/W.  Va.,  improvement  of 

Cheboygan  Harbor,  Mien.,  improvement  of . 

Cheftinete  Kiver^a.,  improvement  of 

Chehalis  lUver,  Wash.,  below  Montesano, 
examination  and  survey  of 

Chehalis  River,  Wash.,  between  Aberdeen 
and  Cosmopolis,  bridging 

Chehalis  River,  Wash.,  improvement  of 

Chenton  Inlet,  Cape  Charles  City  Harbor, 
Ya.,  and  approaches  by.  improvement  of. 

Cherrystone  Inlet,  Cape  Charles  City  Har- 
bor, Ya.,  and  approaches  by,  improve- 
ment of 

Chesapeake  Bay,  harbor  of  refuge  at  Lynn- 
haven  Bay,  foot  of,  Ya.,  examination  and 
snrvey  for -. 

Chesapeake  Bay,  removal  of  wreck  in 

Chester  River,  Md.,  from  Cmmpton  to 
Jones  Landing,  improvement  of 

Chester  River,  Md.,  removid  of  wreck  in 
Jackson  Creek 

Chevrenil,  Bayou,  La.,  examination  of 

Chicago  and  North  Michi^n  Railroad  Com- 
pany, bridge  of,  acrossTine  Lake,  Mich . . 

Chicago  and  l«'orth-Westem  Railwav  Com- 
pany, bridges  of.  across  Chicago  River,  111 . 

Chicago  Harbor,  111.,  establishment  of  har- 
bor lines  in 

Chicago  Harbor,  HI.,  improvement  of 

Chicago,  HI.,  bridge  of  city  of,  obstracting 
Chicago  River  at  Canal  street 

ChicagoTni.,  bridging  North  Branch  of  Chi- 
cago River  near  Kmzie  street 

Chicago,  HI.,  ship  channel  in  connecting 
waters  of  the  Great  Lakes  between.  Da- 
luth,  and  Buffalo,  examination  of 

Chicago  River,  HI.,  at  Canal  street,  Chi- 
cago, bridge  obstracting 

Chicago  River,  HI.,  near  Kinzie  street, 
Chicago,  bridging  North  Branch  of 

Chlckahominy  River,  Ya.,  between  Holly 
Landing  and  Long  Bridge,  examination 
of 


Chlckahominy  River.  Ya.,  improvement  of. 

Chickasahay  Kiver,  Miss.,  improvement  of. . 

Chief  of  Engineers,  office  of  the 

Chincoteagne  Bay,  Ya^  and  Delaware  Bay, 
at  or  near  Lewes,  Del.,  water  way  be- 
tween, improvement  of 

Chippewa  River,  Wis.,  inclading  Yellow 
Banks,  improvement  of 

Chippewa  River,  Wis.,  survey  for  reservoirs 
at  sources  of 

Chitto,  Bogue,  La.,  improvement  of 

Choctawhatchee  River,  Fla.  and  Ala.,  im- 
provement of , 

Choptank  River,  Md..  improvement  of 

Christians  Point,  West  Galveston  Bay, 
Tex.,  from,  examination  and  snrvey  of '. . . 

Clackamas  Rapids,  Oregon,  Willunette 
River  at,  examination  and  snrvey  of 

Clarendon,  Ark.,  and  Lower  Whit«  River, 
examination  and  survey  of 

Clark  Fork  of  Columbia  River.  Wash.. 
Idaho,  and  Mont.,  between  international 
boundary  line  and  mouth  of  Big  Black- 
foot  River,  examination  of 

Clark  River,  S.  C,  improvement  of 

Clarke,  Lewis  and,  River,  Oregon,  exami- 
nation and  snrvey  for  snagging 

Clay  County,  Mo.,  bridging  Missouri  River 
at 


Clearwater  River,  Idaho,  about  11  miles 
above  Lewiston,  bridging 

Cleveland  Harbor,  Ohio,  improvement  of . . . 

Clinch  River,  Tenn.,  improvement  of 

Clinton  and  Illinois  Bridge  Company, 
bridge  of,  across  Mississippi  River  at 
Clinton,  Iowa 
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Clinton  Harbofr,  Conn.,  improvement  of 

Clinton.  Iowa,  bars  north  of  Little  Rock 
lalnna,  in  MisniHsippi  Kirer  nour,  oxnmi- 
nation  (uul  survey  fur  removal  of 

Clinton,  Iowa,  bringing  MiMinnippi  Kiver 
near , 

Clinton  Rivor,  Mich.,  improvement  of 

Clubfoot  River,  N.  C,  iniprovenu-nt  of , 

Coal  Bank  Slough,  Coos  County,  Oregon, 


bridging . , 

Coanjok  Bav,  N.  C,  imnrovement  of 

Coaster  Haroor  Island,  K.  I.,  cove  and  water 

way  near,  improvement  of 

Cochcco  River,  N.  H.,  improvement  of 

Cocodrie,  Bayou,   St.  Landry  Parish,  La., 

examination  of 

Collins  Crofising,  N.C.,  and  Roberts  Landing, 
N.  C,  White  Oak  River  between,  examina- 
tion of 

Colorado  River,  Ariz.,  between  Yuma  and 

Eldorado  Canyon,  examination  of 

Colorado  River,  Tex.,  examination  for  re- 
moval of  raft  at  mouth  of 

Columbia.  Department  of  the,  report  of  act- 
ing engineer  officer  on  operationH  in 

Columbia,  La.,  bridging  Ouachita  River  near 
Columbia  River,  OnMe:on  and  Wash. : 

Bridging,  near  \  aucouver,  Wash 

Consmiction  of  canal  at  Cascatles,  Ore- 
gon   

Examination  and  survev  of,  between 
mouth  of  Willamette  Kiver.  Oi*egon, 

and  Vancouver,  Wash 

Examination  and  survey  of  Columbia 
and  Willamette  rivers  IJelow  Portland, 

Oregon 

Examination  of,  between  Astdrla  and 
Woods  Landing, Oregon,  for  snagging. 
Examination  of  onannel  from,  to  head  oi 

Youngs  Bay,  Oregon 

Examination  of  Clark  Fork  of,  Wash., 
Idaho,  and  Mont.,  betwec^n  interna- 
tional boundary  line  and  mouth  of  Big 

Blackfoot  River 

Gauging 

Improvement  of,  between  head  of  Rock 
Island  Rapids  and  foot  of  Priest  Kajiids . 
Improvement  of  Columbia  and  Willa- 
mette rivers  below  Portland,  Oregon. . 

Improvement  of  mouth  of 

Improvement  of  Upper  Columbia  River. 

Removal  of  wreck  in 

Columbus,  Miss.,  and  Demopolis,  Ala.,Tbm- 

bigbee  River  between,  improvement  of 

Columbus  (tug),  wreck  of 

Commission  on  survey  of  Wilmington  Har- 
bor, Del 

Commission  on  valuation  of  channel  con- 
structed bv  Buffalo  Bayou  Ship  Channel 

Company  in  Galveston  "Bay,  Tex 

Compton  Creek  and  Shoal  Jdarbor,  N.  J., 

improvement  of 

Conecuh  River,  Ala.,  improvement  of 

Congaree  River,  S.  C.  improvement  of 

Conneaut  Harbor,  Ohio,  examination  and 

survey  of 

Connecticut  River  above  Hartford,  Conn., 

improvement  of 

Connecticut  River  below  Hartford,  Conn., 

examination  of 

Connecticut  River  below  Hartford,  Conn., 

improvement  of 

Contcntuia  Creek,  N.  C,  Improvement  of. . . 
Contingencies  of  rivers  and  harbors,  exam- 
inations, surveys  and,  estimates  for 

Coos  Bay  and  Harbor,  Oregon,  entrance  to, 

improvement  of 

Coos  Bay,  Oregon,  examination  and  survey 

or  iniiier  harbor 

Coos  Bay,  Roseburg  and  Eastern  Railroad 
and  Navigation  Company,  bridge  of,  across 

Coal  Bank  SUmgh,  Oregon 

Coos  County,  Oregon,  bridging  Coal  Bank 
Slough 
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Coosa  Siver  botwcen  Home,  6a.,  and  East 
Tennessee,  Vivj^inia  and  Georgia  Eailroad 
Bridge,  improvement  of 

Coosa  Kiver  uetween  Wetumpka.  Ala.,  and 
East  Tennessee,  Virginia  anu  Oeorgia 
Kailroad  Bridge,  improvement  of 

Cousa  Kiver,  Ga.  and  Ala.,  improvement  of . 

Coosa  Biver,  Ga.  and  Ala.,  operating  and 
care  of  canals  and  other  works  of  navi- 


gation on 

CoquUle  City,  Oregon,  and  M^le  Point, 
Cfoquille  River  between,  examination  and 
snrvey  of 

Coqnillo  Kivor,  Oregon,  between  Coqnille 
City  and  Myrtle  l^iint,  examination  and 
survey  of 

Coqaille  River,  Oregon,  improvement  of . . 

Cornwall.  N.  Y.,  Moodna  River  (Murderers 
Creek)  and  Httdson  River  at,  examination 
and  survey  of  ... ; 

Corps  of  Engineers,  battidion  of 

Corps  of  Engineers,  laws  of  Fifly-Hrst  Con- 
gress, second  session,  atl'ecting 

Corps  of  Engineers,  odlcers  of 

Corps  of  Engineers,  recommendatious  as  to 
examinations  for  promotion  of  otticers  of. . 

0>rps  of  Engineers,  statement  showing 
rank  and  duties  of  officers  of 

Corsica  Shoal,  Mich.,  at  lower  end  of  Lake 
Huron,  near  St.  Clair  River,  examination 
of. 

Corvallis,  Oregon,  Willamette  River  near, 
examination  and  survey  of 

Cos  Cob  or  Miamus  River,  Conn.,  examina- 
tion and  survey  of 

Cosmopolis,  Wash.,  bridging  Chohalis 
River  at 

Cottonport,  La.,  to  Atchafalaja  River, 
Bayou  des  Glaises  fix>m,  examination  of. 

Council  Blaffs,  Iowa,  bridging  Missouri 
River  at 

Courtableau,  Bayou,  La.,  improvement  of. 

Courtland,  Va.,  Kottoway  River  below,  ox- 
4unination  of 

Cove  near  Coaster  Harbor  Island,  R.  I.,  im- 
provement of 

Covington,  Ga.,  to  Ocmulgeo  River,  Yellow 
River  f^oro,  examination  of 

Cowlitz  River,  Wash.,  improvement  of 

Crane  Creek,  Va.,  examination  of 

Creel  Baj',  Devil  Lake,  N.  Dak.,  examina- 
tion of 

Crooke4l  River,  Wash.,  examination  of 

Crookston,  Minn.,  Red  River  of  the  North 
and  tributaries  above,  examinatioxi  and 
survey  of 

Cross-over  Lisht  and  Sister  ishmds,  N.  Y., 
shoal  in  St.  Lawrence  River  between,  im- 
provement of , 

Crumpton,  Md.,  and  Jones  Landing,  Ches- 
ter River  between,  improvement  of , 

Cmnberland  River,  Tenn.  and  £y. : 

•  Improvem  en  t  of 

Improvement  of,  above  mouth  of  Jellico 

Crock,  Ky 

Improvement  of,  above  Kashville,  Tenn 
Improvement  of,  below  Kashville.  Tenn 
Improvement  of  South'  Fork  of,  Ky 

Cumberland  Sound,  Ga.  and  Fla,,  impi-ore- 
ment  of 

Current  River  below  Van  Buren,  Mo.,  exam- 
ination of .  .• , 

Currituck  Sound,  N.  C.,  improvement  of. . . 

Currituck  Sound,  N.  C,  water  wav  l)etween 
Korfolk  Harbor,  Va.,  and  Albemarle 
Sound,  N.  C,  through,  improvement  of. . . 

Curtis  Bay,  Patapscb  River.  Md..  from 
Craighiir  channel  to  sugar  refinery 
wharves  at,  examination  of .*, , 

Cattyhunk  and  Xeshawana  islands,  Mass., 
Canapitsit  Channel,  between,  examina- 
tion and  survey  of , 

Cypress  Bayou  and  lakes  between  Jeffer- 
son, Tex.,  and  Shreveport,  La.,  survey  of. 
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Dallas,  Tex.,  Trinity  Kiver  below,  exmni- 
nation  of 

Dam,  AUefcheny  Kiver,  Pa.,  at  Ucrr  laland, 
construction  of .' 

Dam,  Ohio  Kiver,  at  Davia  Island,  operat- 
ing and  care  of 

Dani,  Ohio  River,  near  month  of  Beaver 
Siver,  Pa.,  constmction  of 

Sams  and  locks.    {See  Locks  and  Dams.) 
anielfl  Creek  and  Tuscaloosa,  Ala.,  Black 
Warrior  Elver  between,  improvement  of. 

D' Arbonne,  Bavou,  La.,  improvement  of. . . 

Dardanelle,  Ark.,  bridging  Arkansas  River 
at 

Darien  Harbor,  Ga.,  improvement  bt 

Davids  Island,  N.  Y.,  sea  wall  and  embank- 
ment at 

Davis  Island  Dam,  Ohio  River,  oi>erating 
and  care  of 

Debris,  mining,  question  in  California,  in- 
vestigation of 

Deep  luver,  Wash.,  examination  of 

Deep-water  harbor  on  Paciflc  coast  between 
Points  Duma  and  Capistrano,  Cal.,  exam- 
ination for 

De  Grasae,  Sylvia  (ship),  removal  of  wreck 
of 

Delaware  Bay : 

Construction  of  inm  pier  near  Lewes, 

Del 

Examination  for  harbor  of  refuge  for 

deep-draft  vessels  near  month  of 

Improvement  of  ice-harbor  at  head  of, 

Del 

Iniprovement  of  water  way  between 
Chincoteague  Bay,  Ya.,  and,  at  or 

near  Lewes,  Del 

Removal  of  wrecks  in 

Delaware  Breakwater,  Del.,  harbor  at,  im- 
provement of 

Delaware  River  at  Philadelphia,  Pn.,  and 
Camden,  N.  J.,  establishment  of  luirbor 
lines  in 

Delaware  River,  Pa.  and  N.  J.,  improve- 
ment of 

Delaware  River,  removal  of  wrecks  from . . 

Demopolis,  Ala.,  and  Columbus,  Miss.,  Tom- 
bigbee  River  between,  improvement  of. . 

Demopolis,  Ala.,  Tombigbee  River  below, 
improvement  of 

Department  of  the  Columbia,  report  of  act- 
ing engineer  ofticer  on  operations  in 

Department  of  the  Platte,  report  of  acting 
engineer  officer  on  operations  in 

Departments,  military,  estimates  for  sur- 
veys and  reconnaissances  in 

Departments,  military,  reconnaissances  and 
explorations  in  ..' 

Depot.,  engineer 

Des  Allomands,  Lake,  La.,  and  points  near 
Vacherie,  etc.,  bayous  ChevreuU  and  Ti- 
gre  between,  examination  of 

Des  Chutes  River,  Wash.,  Olympia  Harbor 
to  mouth  of.  examination  and  survey  of . 

Dos  Glaises,  Bayou,  La.,  from  Atchafalaya 
River  to  Cottonport,  examination  of 

Dc.i  Moines  Rapitls  and  Illinois  River,  Mis- 
8ls.Hippi  River  between,  improvement  of. 

Des  Muiues  Rapids  and  Minneapolis,  Mis- 
sissippi River  Ix'tween,  ininrovement  of . 

Des  Moines  Ra]>id8  canal  and  dry  dock,  op- 
erating and  care  of 

Des  Moines  Rapids,  Missi8Hip]>i  River,  im- 
provement of 

Detroit  River,  Mich.,  American  channel  of, 
examination  of 

Detroit  River,  Mich.,  improvement  of 

Devil  Lake,  N.  Dak.,  examination  of 

Dickinson,  Frederick  W.,  et  al.,  badge  of, 
in  Barnstable,  Mass 

Distribution  of  charts  of  northern  and  north- 
western lakes 
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Subject. 


District  of  Colnmb^a,  imnroveTnent  and  oare 
of  public  buildings  and  grounds 

District  of  Columbw,  ^'ater  supply  ot 

Division  engineers 

Division  of  tiie  Missouri,  report  of  engineer 
oiiicer  on  operations  in 

pivision  of  the  Paciiic,  report  of  acting  engi- 
neer officer  on  operaUons  in 

Divisions,  Engineer 

Divisions,  military,  reconnaissances  and  ex- 
ploration «  in 

Doboy  and  Sapelo,  Ga.,  inside  route  l>e- 
tween,  examination  and  survey  of 

Double  Bayou,  Cliambers  County,  Tex., 
month  of,  examlnatton  of 

Dozier  Bridge,  Va.,  West  Keck  River  to 
and  beyond,  examination  of 

Drum  Inlet,  li.  C.,  examination  of 

Dry  dock  at  St  Harys  Falls  Canal,  Mich 

Dry  dock,  Des  Moines  Rapids,  operating  and 
care  of 

Dublin,  Ga.,  bridging  Oconee  River  near 

Duck  Creek,  Del.    (Set  Smyrna  River.) 

Duck  Island  Harbor,  Conn.,  improvement  of 

Duluth  Harbor,  Minn.,  and  adjacent  waters, 
establislmient  of  harbor  lines  in 

Duluth  Harbor,  Minn.,  improvement  of 

Duluth,  Minn.,  ship  channel  in  connecting 
waters  of  the  Great  Lakes,  between,  Chf 
cago  and  Buffalo,  examination  of 

Duma,  Point,  and  Point  Caplstrano,  Cal., 
deep-water  harbor  on  Pacific  coast  be- 
tween, examination  for 

Duncan  Falls,  Ohio,  bridge  obstructing 
Muskingum  River  at 

Dunkirk  Harbor,  K.  Y.,  improvement  of 

Duties  of  officers  of  Corps  of  Engineers, 
statement  sbowins 

Dnwamish  River,  W  ash.,  examination  of — 

Duwaroiih  River,  Wash.,  near  Seattle, 
briflgin«; 

D* Wamisn  River,  Wa.sh.,  examination  of . . . 

D'Wamish  River,  Wash.,  near  Seattle, 
bridging 


Page. 


Eagle  Harbor,  Mich.,  improvement  of 

East  Chester  Creek,  K.  Y.,  improvement  of . 

East  Omaha,  Kebr.,  bridging  Missouri 
River  at 

East  River,  K.  Y.,  establishment  of  harbor 
lines  in 

East  River,  K.  Y.,  removing  obstructions 
from  

East  Tennessee,  Virginia  and  Georgia  Rail- 
way bridge  and  Rome,  Ga.,  Coosa  River 
between,  improvement  of. 

East  Tennessee,  Virginia  and  Georgia  Rail- 
way bridge  and  wetumpka,  Ala.,  Coosa 
River  between,  improvement  of 

East  Tennessee,  Virginia  and  Georgia  Rail- 
way Company,  bridge  of,  obstructing 
Tennessee  River 

Eastern  Branch  of  Elizabeth  River  and 
Lynn  Haven  Bay,  Va.,  water  way  be- 
tween,, examination  of 

Eastern  Branch  of  Potomac  River,  D.  C., 
examination  and  survey  of 

Eastern  Kranch  of  Potomac  River,  D.  C, 
improvement  of 

Echo  Harbor,  New  Rochelle,  N.  Y.,  im- 
provement of 

Etigartown,  Mass.,  Marthas  Vineyard, 
inner  harbor  at,  improvement  of 

E«linburg  and  Carthage,  Miss.,  Pearl  River 
between,  improvement  of 

Edisto  River,  S.  C„  improvement  of 

Edward  J.  Gay  (steamboat),  removal  of 
wreck  of 

Effingham  County,  Ga.,  bridging  Savannah 
River  in 

Eldorado  Canyon  and  Yunia,  Ariz.,  Colo- 
rado River  between,  examination  of 
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Subject. 


Elizalieth  River,  N.  J.,  Improvement  of 

Eiisaboth  River.  Va.,  Eanteni  Brauch  of, 
iind  Lynn  Haven  Bay,  Va.,  water  way  be- 
two«Mi,  oxaniination  of 

Elisabeth  River,  Va.,  VTeatcrn  Brauch  of, 
examinntiou  of 

Elizftl>eth]K)rt,  N.  J.,  remoral  of  wreck  at  . . . 

Elk  River,  Mil.,  improvement  of 

Elk  River,  W.  Va.,  examination  for  im- 
provement of,  by  lockH  and  dams 

ElK  Iti ver,  W.  Va'.,  improvement  of 

Elk  River.  "W.  Va.,  ob*itrurtiou8  in 

Ellen,  Mary  (schooner),  removal  of  wreck 
of 

Engineer  Depot 

£n{^ineer  Divisions 

Engineer  School,  ITnitod  i5tat«8 

EngineerK,  Battalion  of 

Engineers,  C  liief  of.  office  of  the 

Engineers,  Corps  of,  laws  of  Fifty-first  Con- 
gress, second  session,  atfectiug 

Engineers.  Cori>s  of,  otlicers  of 

Engineers,  Corps  of,  recommendations  as  to 
exmuiuations  for  promotion  of  officers  of. 

Engineers,  Cornsof.  statemcntshowingrauk 
and  dnt40A  or  officere  of 

Engineers,  Di  vUion 

Engineers,  Tlie  Board  of 

Erie  Harbor,  Pa.,  improvement  of 

Erie  Harbor,  Pa.,  Presqne  Isle  Peninsula, 
preservation  and  protection  of 

Escambia  River,  Fla.,  improvement  of 

Essex  River,  Mass.,  examination  and  survey 
of 

Evansville,  Ind.,  and  mouth  of  Green  River, 
Ky.,  Ohio  River  between,  examination  of . . 

Examinations  and  surveys 

Examinations  for  promotion  of  officers  of 
Corps  of  Engineers,  recommendations  as  to . 

Examinations,  surveys,  and  contingencies 
of  rivers  and  harbors,  estimates  for 

Explorations 

Exploeivea,  testa  of 

F. 

Fairlee  Creek,  Md.,  improvement  of 

Fairport  Harbor,  Ohio,  improvement  of 

Falia,  Bogne,  La.,  improvement  of 

Fallsof  Ohio  River,  Indiana  Chute,  improve- 
ment of 

Falls  of  Ohio  River,  Lonisvllle,  Ky.,  im- 
provement of 

Falls  of  St.  Anthony,  Minn.,  Mississippi 
River  above,  improvement  of 

Farmer,  Ky.,  ana  West  Liberty,  Licking 
River  between,  improvement  of 

Ff^ather  River,  Col.,  Board  on  improvement 
of 

Feather  River,  Cal.,  improvement  of 

Feather  River,  Cal.,  investigation  of  mining- 
debris  question 

Fergus  Falls,  Minn..  Red  Riviir  of  tlio  North 
and  tributaries  above,  examination  and 
survey  of 

Fomanaina,  Fla.,  and  Savannah,  Ga.,  inside 
rout>e  between,  examination  aiid  sur\'ey  of. 

Finhing  Creek,  X.  C.  improvement  of 

Fishways  at  Groat  Falls,  Potomac  River, 
erection  of 

Five  Mile  JRiver  Harbor,  Conn.,  improve- 
ment of 

Flint  Rivor,  Ga.,  improvement  of 

Florence,  Ala.,  bridge  obstructing  Tennoa- 
see  River  at 

Florida  Ccutrpl  and  Peninsular  Railroad 
Companv,  bridge  of,  obstruoting  Trout 
Creek,  yia 

Fluahing  Bay,  N.  Y.,  improvement  of 

Fond  du  Lac,  Minn.,  and  Grassjv  Point,  St. 
Louis  River  between,  examination  and 
survey  of 

Forked  Deer  Rivor,  Touu.,  improvement  of  . 
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Forster,  Frederick  P.,  et  al.j  bridgo  of,  In 
Barnstuble,  Miuw 

Fort  Benton,  Mont.,  ami  Sioux  City,  Iowa, 
Misaouri  River  between,  examination  and 
survey  of . .  -^ 

Fort  Marion,  Tla.,  repair  and  preservation 


Page. 


of. 


Fort  Monroe,  Va.,  beach  protection,  water 
suppiv,  and  sewerage  system  at 

Fort  If  ia^ara,  N.  Y.,  protection  of  site  of 

Fortifications 

Fortifications,  estimates  of  appropriations 
for  1892-'93 

Fortifications,  protection,  preservation,  and 
repair  of 

Fortifications,  sites  for 

Fourche  River,  Ark.,  improvement  of 

Fox  River,  Wis.,  improvement  of 

FoxRiver.AVis.,  operating  and  care  of  locks 
and  dams  on 

Francis  E.  Hallock  (scbooner),  removal  of 
wreck  of 

Frankfort  Harlwr,  Midi.,  improvement  of . . . 

Frankfort,  Ky.,  bridge  obstructing  Ken- 
tucky Riverat 

Franklin,  Ala.,  and  West  Point,  Ga.,  Chat- 
talioochee  River  between,  examination  of. . 

French  Broad  River,  Tenn.,  improvement  of . 

Fulton,  Ark..  Red  Kiver  above,  improve- 
ment of 

Fulton  County,  K^'.,  and  Lake  County, 
Tenn.,  Mississippi  lliver  between,  exam- 
ination of 

Fulton,  Miss.,  and  Vienna,  Ala.,  Tombigbee 
River  between,  improvement  of 

Fulton,  Miss^  and  Walker  Bridge,  Miss., 
TombiglK)o  itiver  between,  improvement  of 

G. 

Galleries,  cable,  construction  of 

Galveston  Hay,  Tex.,  ship  clianncl  in,  im- 
proveraont  of 

Galveston  Bay,  Tex.,  valuation  of  channel 
constructodoy  Bulialo  Bayou  Ship  Chan- 
nel Company  in 

Galveston  Harbor,  Tex.,  entrance  to,  im- 
provement of 

Galveston  (West)  liay,  Tex.,  from  Christians 
Point,  for  reopening  channel  through 
West  Boy,  examination  and  survey  of 

GartAide,  lienjamiu  (schooner),  removal  of 
wreck  of 

Gasconade  River,  Mo.,  improvement  of 

Gauging  Columbia  River,  Oregon  and  Wash. 

Gaoling  Mississippi  River  and  its  principal 
tributaries 

Gauging  Mississippi  River  at  or  near  St. 
Paul,  Minn 

Gauley  River,  W.  Va.,  improvement  of 

Gay,  Edward  J.  (steamboat),  removal  of 
wreck  of 

Gay  Head  Light,  removal  of  wreck  near 

Gen.  W.  T.  Snermau  (schooner),  removal  of 
wreck  of 

General  Lee  (steamer),  removal  of  wreck  ot. 

Georgetown  Harbor,  S.  C,  improvement  of. . 

Gilchrist,  Leo  (elevator),  removal  of  wreck  of 

Glaiscs,  Bavou  dcs.  La.,  flpora  Atchafalaya 
River  to  Cottonport,  examination  of 

Glen  Cove  Harlwr,  N.  Y.,  improvement  of . .  . 

Gloucester  Harbor,  Mns.s.,  improvement  of. . 

Goat  Island,  Newport  Harbor,  11.  I.,  exam- 
ination of  spit  at  south  end  of 

Golden  Eagle  (srliooner),  removal  of  wreck  of 

Goose  RapidH,  Red  River  of  the  North,  Minn, 
and  N.  Dak.,  examination  for  construction 
of  lock  and  dam 

Gordon  Landing,  Lake  Champlaln,  Vt., 
bn»ak  water  at 

Goshen  Crwk,  N.  J.,  examination  and  sur- 
vey of 

Governors  Island,  N.  Y.,  sea  walls  at 
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Gowanufl  Bay  chaniM'I.Xew  York  Harbor, 
N.  Y.,  examination  of 

Gowanus  Bay,  X.  Y.,  improvement  of 

Grand  Hayen  Harbor,  Mich .,  improvement  of. 

Grand  Lake,  La.,  courseofMermenton  River 
thronsh,  examination  and  survey  of 

Grand  Maraia,  Mich.,  harbor  of  refuge  at, 
improvement  of 

Grand  Marais,  Minn.,  harbor  at,  improve- 
ment of 

Grand  Kapids,  Mich.,  Grand  Rivor  below, 
examination  and  survey  of 

Grand  River,  Mich.,  below  Grand  Rapids, 
examination  and  survey  of 

Grand  River,  Ohio,  below'^Kichmoud,  exami- 
nation and  snrvey  of 

Grand  Trunk  Railwav  Cuinpany.  bridge  of, 
obstructing  cliannel  to  I$ack  'Cove,  Port- 
land, Me 

Grass  River,  N.'Y.,  improvement  of 

Grassv  Point,  Minn.,  and  Fond  dn  Lac, 
St.  Louis  River  between,  examination  and 
survey  of 

Grays  Harbor  and  Bar,  Wash.,  examination 
and  survey  of 

Grays  Harbor,  Wash .,  bridging  Johns  Rivor 
near  conrtuence  with 

Grays  River,  Wash.,  examination  and  sur- 
vey of 

Great  Bay,  N.  J.,  examination  for  harbor  of 
ref nee 

Great  Bav,  N.  J.,  north  of  Atlantic  City  and 
Cajte  ]^ay,  thoroughfare  between,  exami- 
nation ol 

Great  Chaxv  River,  N.  Y.,  improvement  of. 

Groat  £gg  Harbor  Bay  and  Barnegat  Bay, 
"S.  J.,  sound  between,  examination  of 

Great  Falls,  Mont.,  and  canvou  next  below 
Stubbs  Ferry,  Missouri  l^iver  between, 
examination  and  survey  of 

Great  Falls,  Mont.,  and  ^ioux  City,  Iowa, 
Missouri  River  between,  improvement  of. 

Great  Falls,  Potomac  River,  erection  of  fish- 
ways  at 

Great  Kanawha  River,  W.Va.,  at  Cliarleston, 
bridging 

Great  Kanawha.  River,  W.  Va.,  deposit  of 
refuse  in 

Great  Kanawha  River,  W.  Va.,  improve- 
ment of 

Great  Kanawha  River,  W.  Va.,  operating 
and  care  of  locks  and  dams  on 

Great  Lakea,  printing  and  distribution  of 
charts  of 

Groat  Lakes,  ship  channel  in  connecting 
waters  of  the,  between  Chicago,  Duluth, 
and  Buffalo,  examination  of , 

Great  Lakes,  3urvey  of , 

Great  Pedee  Rivor,*S.  C.  improvement  of  . , 

Great  Sodus  Bay,  N.  Y.,  narborat,  improve- 
ment of 

Great  Wicomico  River,  Va.,  examination  of, 

^reen  Bay  Harbor,  Wis.,  improvement  of  .. 

Green  Jacket  Shoal,  Providence  River,  R. 
I-,  removal  of 

Green,  Maria  (schooner),  removal  of  wreck 
of 


Page. 


Green  River,  Ky.,  above  mouth  of  Big  Bar- 
ren River,  examination  of ' 

Green  River,  Ky.  (below  Lock  ^o.  1),  at 
Spottsville,  bridge  obstructing 

Grt*en  River,  Kv..  mouth  of,  and  Evana- 
ville,  Ind.,  Ohio  River  between,  examina- 
tion of 

Green  River,  Ky.,  operating  and' keeping 
in  repair  locks  and  damH  on 

Greenbrier  River,  W.  Va.,  and  AVilson 
Creek,  Va.,  New  River  between  mouths 
of,  improvement  of 

Greenport  Harbor,  N.  Y.,  improvement  of . 

Greenwich  Bay,  It.  I.,  iniprovrmeiit  of 

Grosse   Poiute   Channel,  Mich.,   iiuprove- 

•   ment  of 
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Grounds,  public,  D.  C,  improx'ement  and 
care  of, 

Gnnter  Cfreek  at  GuntersviUe,  Ala.,  exami- 
nation of 

GuntoravlUe,  Ala.,  Gnnter  Creek  at,  exami- 
nation of. 

Gnyandotte  Biver,  W.  Ya.,  improvement  of. 


Habersham  (steamer),  removal  of  wreck  of. . 

Hackensack,  N.  J.,  and  Newark  Bay,  Hack- 
ensack  River  between,  examination  and 
survey  of 

Hackensack  Biver,  N .  J.,  examination  and 
s  urvey  of 

Half-Moon  Beef,  Aransas  Bay,  Tex.,  ex- 
amination for  removal  of 

Hallock,  Francis  £.  (schooner),  removal  of 
wreck  of 

Hamilton,  111.,  slough  in  Hississippi  Biver 
at,  examination  of ■ 

Hampton  Creek  and  Bar,  Va.,  improvement 


of. 


Hampton  Boads,  Ya.,  construction  of  case- 
mate at 

Hampton  rx)ad8,  Ya.,  defense  of 

Hanakerchief  light-ship,  romoval  of  wreck 

near 

Harbor  and  river  improvements 

Harbor  lines,  establishment  of 

At  Buliith,  Minn.,  St.  Louis  Bay,  Supe- 
rior Ba^,  and  adjacent  waters,  Minn. 

and  "Wis 

AtLubec,  Me 

At  New  Castle,  Del 

At  San  Pedro,  Wilmington  Harbor,  Cal. 

Jn  Astoria  Harbor,  Oregon 

In  Boston  Harbor,  Mass 

In  Chicago  Harbor,  111 

In  Humboldt  Bay,  Cal../ 

In  Kennebec  Biver  at  Bath,  Me 

In  New  York  Harbor  and   adjacent 

In  port  of  Phiiadeiphia, Pa  '..'.'..'.'.'..'.'.'.. 

In  Portage  Lake,  Mich | 

In  St.  Augustine  Harbor,  Fla 

In  San  Francisco  Harbor  and  adjacent 

waters,  Cal 

Harbor  lines  in  Portage  Lake,  Mich.,  resur- 

vey  and  relocation  of 

Harbors  and  rivers,  examinations,  surveys, 

and  contingencies  of,  estimates  for 

Harbors  of  refuge : 

At  Block  Island,  B.I 

At  entrance  of  Sturgeon  Bay  Canal,  Wig. 

At  Grand  Marais,  Mich 

At  Hyannis,  Mass 

At  Little  Harbor,  N.  H 

At  Lynnhaven  Bay,  Ya.,  examination 

and  survey  for 

At  Milwaukee  Bay,  Wis 

At  Nantucket.  Mass 

At  Point  Judith,  B.  I 

At  Portage  Lake,  Mich 

At  Sand  Beach,  Lake  Huron,  Mich 

At  Sand^  Bay,  CUipe  Ann,  Mass 

At  Stonmgton.  Conn 

Near  mouth  of  Delaware  Bay,  examina- 
tion for 

Harlem  Biver,  N.  Y.,  at  I55th  street  and  Mo- 
Comb  Dam  Boad^ew  York  C^ty,  bridging 

Harlem  Biver,  N.  Y.,  improvement  of 

Harlowe  Biver,  N.  C,  improvement  of 

Harmar,  Ohio,  bridge  obstructing  Muskin- 
gum Biver  at 

Harraseeket  Biver,  Me.,  improvement  of . . 
Hartford,  Conn.,  Connecticut  Biver  above, 

improvement  of 

Hartford,  Conn.,  Connecticut  Biver  below, 

examination  of. 

Hartford,  Conn.,  Connecticut  Bivor  below, 
improvement  of 


Part  I.     Partn. 


444 

288 

288 
308 

184 

107 
107 
235 

93    837 
267 
148 


6 
5 


8 


61    731 

17 

18    423 


18  426 

18  424  621 

18  425 

18  426 

18  427 

18  424  688 

18  426 

18  427 

18  i24  622 

18  424  058 

18  425 

18  3W 

317  426^ 

18  425 

18  426 

316  317 

421 

59  723 
821 

316 

48  094 

31  608 

146 

325 

48  606 

58  722 

337 

353 

36  632 

60  728 

119 

432 

84  886 


434 
26    594 

64  748 
79  80  836 

65  750 


Part  in. 


PartlY. 


PartY. 


PartYL 


3007 


2325 

2325 
2460 


1002 


1010 
1016 


1042 


2185 


1207 


2515 


1225 


2661 


2976 
8387 


3138 


1121 


2510 


1685 


2M8 


2522 


2636 
2509 


2553 


2676 
2776 


1120 


1363 


16 


INDEX. 


SCBJECT. 


Page. 


Parti. 


Havre  de  <lmoo,  Mtl..  SasqachanDa  River 
above  and  below,  improvement  of 

Havre  de  (>ra^r,  Md.,  Simqiiehanna  River 
above,  examiuatitm  and  Hiirvey  of 

Hay  Lake  C'hannrl,  St.  Marys  River,  Mich., 
impn)venn'nt  of 

Hell  Gate  and  Eaat  River,  N.  Y.,  removing 
obHtnictionfl  from 

Herr  Inland  Dam,  AUopheny  River,  Pa., 
construction  of 

Hiawassee  IJivcr,  Tenn.,  improvement  of. . . 

Hin^bam  Hnrbor,  Mass.,  imiirovoinent  of. . 

Holland  Harlwr.  Mich.,  improvement  of 

Holly  Landin|(  and  Ixm^  Bridge,  Va..  Chick- 
uhbminy  River  betwtHm,  examination  of .. 

Holmes  liiver,  I''la..  imi)rovoiuent  of 

Hoiima,  ha.,  uud  ThllxMleaux,  Bayou  Torre 
Bonne  lietween,  examination  of 

Housatonic  RiviT,  Conn.,  improvement  of.. 

Hou.stoii,  Central  Arkan.sns  and  Northern 
Railroad  Company,  bridge  of,  across  Little 
River,  La 

Houston,  Central  Arkansas  and  Northern 
Railroad  Company,  bridge  of,  across  Oua- 
chita River.  La 

Honston,  Central  Arkansas  and  Northern 
Railroad  Company,  bridge  of,  aciiiss  Red 
River,  La .' 

Hudson  Harbor,  Wis.,  examination  of 

Hudson  River,  N.  Y.,  at  Moo<]ua  River(Mur- 
dererM  Creek),  Cornwall,  examination  and 
8nr\'ev  of 

Hudson  River,  N.  Y.,  at  New  York  City, 
bridging * . . 

Hudson  River,  N.  Y.,  Board  on  improve- 
ment of 

Hudson  River.  N.  Y.,  improvement  of 

Hudson  River,  N.  Y.,  licenses  for  use  of 
iders,  etc.,  in 

Humboldt  Bay,  Cal.,  establishment  of  har- 
bor lines  in 

Humboldt  Harbor  and  Bay,  Cal.,  improve- 
ment olF 

Huntington  Bridge,  Idaho,  and  .Seven  Devils 
Mining  District,  Upper  Snuke  River  be- 
tween, exumlnat  ion  and  survey  of 

Huntington  Harlwr,  N.  Y.,  ini})rovoraont  of. 

Huron  ifarbor,  Ohio,  improvcnu'ut  of 

Huron,  Lake,  Corsica  Shoal,  Mich.,  at  lower  i 
end  of.  examination  of ' 

Huron,  Lake,  barber  of  refuge  at  Sand  Beach, 
Mich 

Hyannin,  Ma.ss.,  harbor  of  refuge  at 

Hyaunis,  Mass.,  removal  of  wreck  in  harbor 
at 
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Ice-harbors : 

At  head  of  Delaware  Bay,  Del 

At  Marcus  Hook,  Pa , 

At  mouth  of  Muskingum  River,  Ohio. . , 
At  New  Castle,  Del 

Hlinois  and  Mississippi  Canal,  construction 


of. 


Hlinois  River,  111. : 

Examination  and  survey  of,  below  La 

Salle 

Improvement  of 

Improvement  of  Mississippi  River  be- 
tween Des  Moines  Rnpids  and 

Improvement  of  MissiHsippi  River  be- 
tween Ohio  River  and 

Operating  and  cai-o  of  La  (Jraiigo  liock  . 
Increasing  water  supply  of  W:i.'<liingfon,  D.  C 
Indian  River,  Fla.,  between  Titiisville  and 

Jupiter  Inlet,  examination  of 

Indiana  ('hute,  Falls  of  Ohio  River,  improve- 
ment of 

IiVJnry  to  and  occupancy  of  public  works  by 

corfiorations  or  individiuus 

Inspect  ion  of  iin]>rovcmcut  of  South  Pass  of 
Mississippi  River 
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Inter-State  Bridee  and  Street  RaQway  Com- 
pany, bridf;e  of.  across  Miasouri  River  at 

Coonoil  Blufl^,  Iowa 

IpBwich  River,  Mass.,  improvement  of 

Isle  Harthe  (ship),  removal  of  wreck  of 

jr. 

Jackson  Creek,  Chester  River,  Hd.,  removal 
of  wreck  in 

Jackson,  Miss.,  and  Carthage,  Miss.,  Pearl 
River  between,  improvement  of 

Jackson,  Mias.,  Pearl  River  below,  im- 
provement of 

Jacksonville  and  Sanford,  Fla.,  St.  Johns 
River  between,  examination  of 

Jamaica  Bay  and  Long  Beach  Inlet,  K.  Y., 
water  way  between,  examination  and 
survey  of 

James  River,  Va.,  improvement  of 

Jefferson,  Tex.,  and  Shreveport,  La.,  Cy- 

■  press  Bayou  and  the  li^es  between,  sur- 
vey of  

Jekyl  Creek,  Ga.,  improvement  of 

Jellioo  Creek,  Ry.,  Cumberland  River 
above  mouth  of,  improvement  of 

Johns  River,  Wash.,  near  confluence  with 
GraysHarbor,  bridging , 

Jones  Landing,  Md.,  and  Crumpton.  Ches 
ter  River  between,  improvement  of 

Joslah  Wliitehouse  (schooner),  removal  of 
'Wreck  of.  •..••••.•••....••.•..••...... 

Juniter  Inlet  and  TitusvlUe,  FlaJ,  iiidian 
lliver  between,  examination  of , 

K. 

Kansas  City,  bridging  Missouri  River  about 
8.6  miles  above 

TTgnftan  City  Xermlnsl  Railway  Company, 
bridge  of,  across  Missouri  River  near 
Quindaro,  Kans 

Xjmsas  River,  Elans.,  bridging  Missouri 
River  near  month  of , 

Karquines  Strait,  Cal.,  modiGcatlon  of  har- 
bor lines  on  south  shore  of 

Karquines  Strait,  Cal.,  survey  of , 

Kaskaskia  Kiver,  lU..  improvement  of 

Kennebec  River,  Mo.,  at  Bath,  establish- 
ment of  harbor  lines  in 

Kennebec  River,  Me.,  from  Waterville  to 
Augusta,  examination  and  survey  of 

Kennebec  River,  Me.,  improvement  of 

Kennebunk  River,  Me.,  improvement  of 

Kenosha  Harbor,  Wis.,  improvement  of 

Kentucky  River,  Ky.,  at  :Frankfort,  bridge 
obstmofcin^ , 

Kentucky  River,  Ky.,  improvement  of 

Kentucky  River,  K.y.,  operating  and  keep- 
ing in  repair  locks  and  dams  on , 

Kewaunee  Harbor,  Wis.,  improvement  of . . 

Keweenaw  Bay  and  Portage  Lake,  Mich., 
purchase  of  canal  between , 

Keweenaw  Point,  Mich.,  purchase  of  canals 
across 

Key  West  Harbor,  Fla.,  north  west  entrance, 
improvement  of , 

Keyport  Harbor,  N.  J.,  improvement  of 

Kingston  Harbor,  Mass.,  examination  and 
survey  of , 

Kingstree,  S.  C,  Black  River  below,  exam- 
ination of 

Klaskuine  River,  Wash.,  improvement  of . . 

La  Fayette,  Ind.,  and  Terre  Haute,  Wa- 
bash River  between,  examination  of 

La  Fourche,  Bayou,  La.,  improvement  of. . . , 

La  Grange  JBayou,  Fla.,  improvement  of 

La  Grange  Lock,  Illinois  River,  lU.,  opera- 
ting and  care  of , 
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Lake  Arthur,  La.,  coarse  of  Mermenton 
River  throngh,  examination  and  sarvey  of. 

Lake  Champlain,  Narrows  of,  N.  T.  and 
y t.,  improTement  of 

Lake  County,  Tenn.,  and  Fulton  County, 
Ky.,  Mississippi  Biver  between,  examina- 
tion of 

Lake  des  Allemands,  La.,  and  points  near 
Yacherie,  etc.,  bayous  Chevreuiland  Xigre 
between,  examination  of 

I«ake  Huron,  Corsica  Slioal,  Hich.,  at  lower 
end  of,  examination  of 

Lake  Huron,  harbor  of  refuge  at  Sand  Beaoh, 
Mich r. 

Like  Monroe,  Fla.,  St.  Johns  River  above, 
examination  of 

Lake  Pontohartrain,  La.,  shoals  in,  near 
Rigoleta,  examination  of 

Lake  Samamish,  Wash.,  ship  canal  to  con- 
nect  Puget  Sound  with,  examination  for. . 

Lake  Superior,  purchase  of  canals  connect- 
ing Portage  Lake,  Mich.,  with.) 

Lake  Superior  Ship  Canal  Railway  and 
Iron  Company  Canal,  purchase  of 

Lake  Union,  wash.,  ship  oanal  to  connect 
Puget  Sound  with,  examination  for 

Lake  Washington,  Wash.,  ship  canal  to  con- 
nect Poget  Sound  with,  examination  for. . 

Lakes,  Great,  ship  channel  in  connecting 
waters  of  the,  between  Chicago,  Duluth, 
and  Buffalo,  examination  of 

Lakes,  northern  and  northwestern,  prbiting 
and  distribution  of  charts  of 

Lakes,  northern  and  northwestern,  survey 
of. 


Larchmont  Harbor,  N.  Y.,  improvement  of  . 

La  Salle,  111.,  Illinois  River  oelow,  exami- 
nation and  survey  of 

La  Trappe  River,  Md.,  examination  and 
survey  of t 

Laws  of  Fifty-first  Congress,sooond  session, 
affecting  Corps  of  Engineers 

Leaf  River,  Miss.,  improvement  of 

Leavenworth  and  Platte  County  Bridge 
Company,  bridge  of,  across  Missoim 
River  at  Leavenworth,  Kans 

Leavenworth,  Kans.,  bridging  Missouri 
River  at 

Leavenworth,  Kans.,  Missouri  River  from 
old  mouth  of  Platte  River,  Litde  Point, 
to  a  point  opposite,  examtnation  of 

Lee,  General  (steamer),  removal  of  wreck  of. 

Lee  Slough,  Fla.,  improvement  of 

Leo  Gilchrist  (elevator),  removal  of  wreck  of. 

Levisa  Fork,  Big  Sandy  River,  Ey.,  im- 
provement of 

Lewes,  Del.,  construction  of  iron  pier  in 
Delaware  Bay  near 

Lewes,  Del.,  Delaware  Bay  at  or  near,  and 
Chincoteague  Bay,  Ya.,  water  way  be- 
tween, improvement  of 

Lewis  and  Clarke  River,  Oregon,  examina- 
tion and  survev  for  snagging 

Lewiston,  Idaho,  oridging  Clearwater  River 
aboQt  11  miles  above 

Licking  River,  Ky.,  between  Farmer  and 
West  Liberty,  improvement  of 

Liucbestor  Rivor,  Md.,  examination  of 

Little  Egg  Harbor  Bay  and  Inlet,  N.  J., 
examination  for  harbor  of  refuge  at 

Little  Harbor,  N.  H.,  harbor  of  refuge  at . . . 

Little  Island,  Mass.,  bridging  channel  be- 
tween mainland  at  Osterville  and,  Barn- 
stable, Mass 

Little  Kanawha  River,  W.  Ya.,  improve- 
ment of 

Little  Karragansett  Bay,  Watch  Hill  Cove, 
R.  I.,  examination  of 

Little  Pedee  River,  S.  C,  improvement  of. . . 

Little  Pigeon  River,  Tenn.,  below  Scvier- 
ville,  examination  of 

Little  Platte  River,  Mo.,  old  mouth  of,  to  a 
point  opposite  Leavenworth,  Missouri 
River  from, examination  of , . . . , • 
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SUBJBOT. 


Little  Point,  Missouri  Biver  from  old  mouth 
of   Flatto  RiTcr  ats  to  a  point  opposite 

Leavenwonh,  exAmination  of 

Little  Red  River,  Ark.,  improvement  of 

Little  River,  La.,  bridging 

Little  River,  Mo.  and  Ark.,  improve  iment  of. 
Little  Rock  Island,  Mississippi  River,  near 
Clinton,  Iowa,  examination  and  survey 

for  removal  of  bars  north  of 

Little  Sodus  Baj,  K.  Y.,  harborat,  improve- 

'  raentof 

Little  Tennessee  River,  near  Nilcs  Ferry, 

Tenn.,  bridge  obstructing 

Locks  and  dams : 

Coosa  River,  Ga.  and  Ala.,  operating 

and  core  of  looks  and  dams,  etc.,  on 

Fox  River,  Wis.,  operating  •and  care  of 
locks  ana  dams  on '. 


Great  Kanawha  River,  W.  Va.,  oper- 
ating and  oare  of  locks  and  dams  on. 

Green  and  Barren  rivers,  Ky.,  oi)erating 
and  keeping  in  repair  locks  and  dams 


on 


Illinois  River.Ill.,  operating  and  care  of 

La  Grange  Lock 

Kentucky  River,  Ky.,  operating  and 

keeping  in  repair  locks  and  dams  on. . 
MonoQgsLbela  Kver,  operating  and  care 

of  locks  and  dams  Tsob.8  and  9....*.. 
Monongahela  River,  purchase  of  Lock 

and  Dam  !No.7 

Monongahela  River,  purchase  of  Lock 

and  Dam  Ko.6 

Muskingum  River,  Ohio,  operating  and 

care  of  locks  and  dams  on 

Lockwood's  Polly  River,  K.  C,  improvement 
of 


Long  Beach  Inlet  and  Jamaica  Bay,  K.  Y., 
water  way  between,  examination  and  sur- 
vey of 

Long  Bridge  and  Holly  Landing,  Ya.,  Chick- 
ahominy  River  between,  examination  of. . . 

LouisviUeand  Nashville  Railroad  Coinpany, 
bridge  of^  obstruottng  Kentucky  River, 

Louisville  and  Portland  Canal,  Ky.,  operat- 


ing and  care  of. 

Louisville,  Ky.,  Falls  of  Ohio  River  at,  im- 
provement of *■ , 

Louisville,  St  Louis  and  Texas  Railroacl 
Company,  bridge  of,  obstructing  Green 

-  River,  Ky 

Lower  Willamette  River,  Oregon,  below  Port- 
land, Improvement  of 

Lubec  Channel,  Me.,  examination  of 

Lubec  Channel,  Me.,  improvement  of. 

Luboo,Me.,  establishment  of  harbor  lines  at. . 

Ludington  Harbor,  Mich.,  improvement  of 

Lumber  River,  N.  C.  and  8.  C.,  improvemen 


of 


ent 


Lynn  Harbor,  Mass.,  improvement  of 

Lynn  Haven  Bay  and  eastern  branch  of 
Elizabeth  River,  Ya.,  water  way  between, 
examination  of 

Lynn  Haven  Bay,  near  Cape  Houry ,  at  foot  of 
Chesapeake  Bay,  Ya., examination  and  sur- 
veyfor  harbor  of  refuge  at 


Machodoo  Creek,  Upper,  Ya.,  examination 
of , 

Mackey  Creek,  N.  C.,  improvement  of 

Ma9on,  Bftyou,  La.,  improvement  of 

Macon,  Dublin  and  Savannah  Railroad  Com- 
pany, bridge  of,  across  Oconee  River.  Ga. . . 

Maiden  River,  Mass.,  examination  of .  1 

Manasquan  (Squan)  River,  N.  J.,  improve- 
ment of : 

Manatee  River,  Fla.,  impro\'ement  of 

Manchacf  B^ou,'  La.,  improvement  of 

Manchester  Harbor,  Mass.,  improvement  of. . 

Manistee  Hfurbor,  Mich.,  improvement  of .. 
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SuBJicr. 


HanlBtiqne  Harbor,  Mich..linproTemontof. 

Manitowoc  Harbor,  Win.,  improTement  of. . 

Manokin  Kiver,  Md.,  improTement  of 

Mapa,  Mtimatea  for  pubUcatlon  of 

Hapa,  military  and  other 

Marcus  Hook*  Pa.,  ico>harbor  at,  Improvo- 
ment  of 

Maria  Green  (schooner),  removal  of  wreck  of. 

Marietta  and  Korth  Georgia  Railway  Com- 
pany, bridge  of,  obstructing  Little  Ten- 
nessee Ri  vor 

Marietta,  Ohio,  bridge  obstructing  Muskin> 
gum  Kiver  at 

Marion,  Fort,  Fla.,  repair 'and  preserva- 
tion of .• 

Marquette  Harbor,  Mich.,  improvement  of. . 

Marouette  Harbor.  Mich.,  snrvey  at 

Mari-nas  Vineyard,  inner  liarbor  at  Edgar- 
town,  Mass.,  improvement  of 

Marthas  Vineyard,  Menemsha  Bight,  Mass., 
examination  and  survey  of 

Mary  Ellen  (schooner),  removal  of  wreck  of. 

Mary  H.  Rhoades  (schooner),  removal  of 
wreck  of 

Mattaponi  River,  Va.,  improvement  of 

Mattawan  Creek,  N.  J.,  improvement  of 

Mattituck  Itay,  Suffolk  County,  K.  Y.,  ex- 
amination for  breakwater  at 

Maurice  Kiver,  N .  J.,  improvement  of 

May,  Cape.    (See  Cape  May.) 

McComb  Dam  Bridge,  New  York,  K.  Y., 
bridge  to  replace 

McKeespori,  JPa.,  bridging  Youghiogheny 
River  at 

McMinnville,  Oregon,  Yamhill  River  below, 
examination  ana  survey  of 

Mediator  (steamer),  removal  of  wreck  of 

Memphis  Harbor,  Tenn.,  examination  of 

Menemslia  Bight,  Marthas  Vineyard,  Mass., 
examination  and  survey  of — 

Menomonee  Harbor,  Mich,  and  Wis.,  im- 
provementof 

Menomonee  River,  Mich,  and  Wis.,  im- 
provement of , 

Mermenton  River,  La.,  and  tributaries,  ex- 
amination and  survey  of 

Merrimao  River,  Mass.,  hnprovement  of 

M.  E.  Tremble  (schooner),  removal  of  wreck 
of 

Miarous  River,  Conn.,  examination  and  sur- 
vey of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Miles  City,  Mont.,  Tongae  River  near,  ex- 
amination of 

Milford  Harbor,  Conn.,  improvement  of. 

Military  departments,  estimates  for  surveys 
and  reconnaissances  in 

Military  divisions  and  departments,  recon- 
naissances and  explorations  in 

Military  maps 

Milwaukeo  Bay,  Wis.,  harbor  of  refuge  at . 

Milwaukee  Harbor,  Wis.,  improvement  of. 

Mingo  Creek,  S.  C,  improi^emont  of 

Mimn^-d6bris  question  in  CaUfomia,  in- 
vestigation of 

Minneapolis,  Minn.,  and  Des  Moines  Rap- 
ids, Mississippi  Kiver  between,  improve- 
ment of 

Minnesota  Point,  at  Superior,  Wis.,  Im- 
provement of 

Minnesota  Kiver,  Minn.,  improvement  of . . 

Miunewaukeu  Shoals,  Devil  Lake,  N.  Dak., 
examination  of 

Minpillion  O«ok,  Del.,  improvement  of 

Mispillion  River,  Del.,  examination  and  snr- 
vey of 

Mississippi  Ctfnal,  Illinois  and,  oonstruction 


of. 


Mississippi  River: 

Bri<lging,  at  Alton,  M 

Bridging,  at  St.  Paul,  Minn  . . 
Brid;;iiig,  at  Winona,  Minn  . . 
Brid^inij;,  near  Clinton,  ^owa. 
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SXTBJIKT. 


Hlssissippi  River— Continued. 

Examination  jmd  survey  for  removal  of 
bars  north  of  Little  Kock  Island,  near 

Clinton,  Iowa 

Examination  and  surrey  to  determine 
effect  of   back  water    at  Clarendon, 

Ark.,  and  Lower  White  Klver 

Examination  of,  at  Memphis  Harbor, 

Tenn 

Examination  of,  at  Warsaw,  HI 

Examination   of,  from  Lake  County, 
Tenn.,  to  Ftilton  County^,  Ky.,  north 

and  west  of  Reolfoot  Lake 

Examination  of  slough  at  Hamilton,  HI . 
Gauging,  and  its  principal  tributaries. . . 

Gauging,  at  or  near  St  JPanl,  Minn 

Improvement  of,  above  Falls  of  St.  An> 

thony,  Minn 

Improvement  of.  between  Bes  Moines 

Kapids  and  Illinois  Kiver 

Improvement  of,  between  Minneapolis 

and  Des  Moines  Rapids 

Improvement  of,  between  Ohio  and  Illi- 
nois rivers 

Improvement  of  Des  Moines  Rapids  — 
Improvement  of,    etc.,    between  Ohio 
River  and  Head  of  the  Passes  (re- 
port of   Mississippi  River  Commis- 
sion)  

Inspection  of  improvement   of  South 

Pass  of .^ 

Operating  snag  boats  and  'dredge  boats 

on  Upper 

Removing  snags  and  wrecks  Anom 

Reopening   Willow   Slough,    or  some 

otner  channel  from  Quincy  Bay  to 

Reservoirs  at  headwaters  of 

Survey  for  reservoirs  at  sources  of 

Mississippi  River  Commission,  report  of . . . . 
Mlssoun,  Division  of  tiie,  report  or  engineer 

officer  on  operations  in 

Missouri  River: 

Bridging,  between  Council  Blufb,  Iowa, 

and  East  Omaha,  Nebr 

Bridging,  between  Leavenworth,  Kans., 

ana  Platte  County,  Mo 

Bridging,  near  mouth  of  Kansas  River, 
between  Wyandotte  County,  Kaos., 

andClayCountv,Mo 

Bridging,  near  Quindaro,  Kans.,  abont 

8.6  miles  above  Kansas  City 

Examination  and  survey  of,  between 
canyon  next  below  Stuobs  Ferry  and 

Great  Falls,  Mont 

Examination  and  surv^  of,    between 
mouth  of  BigSioux  ffiver  and  north 

lineof  SouthDakota 

Examination  and  survey  of,  between 
Sioux  City,  Iowa,  and  Fort  Benton, 

Mont 

Exaroinatlbn  of,  at  Weston,  Mo 

Examination   of,  from   old  mouth   of 
Platte  River,  Little  Point,  to  point 

opposite  Leavenworth,  Kans 

Improvement  of,  between  Great  Falls, 

Mont.,  and  Sioux  Citv,  Iowa 

Improvement  of,  etc.  (report  of  Iklls- 

souri  River  Commission) 

Missouri  River  uid  Land  Improvement  and 
Construction  Company,  bridge  of,  across 
Missouri  River  near  month  of  ^Kansas  River 

Missouri  River  Commissinn,  report  of 

Mobile  Harbor,  Ala.,  improvement  of 

Mokelu%ne  River,  Cal.,  examination  and 

survey  of 

Mokeliwame  River,  Cal.,  improvemoit  of 

Monoo«nhala  River,  W.  Va.  and  Pa. : 

Jtrittfjlng,  near  Pittsburg 

Improvcanent  of 

Opsratiiig  and  care  of  Locks  and  Dams 

xfos.8and9 

Purchase  of  Lock  and  Dam  Ko.7 

Purchase  of  Look  and  Dam  No.  0 
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Ifonroe,  Tort,  Va.,  beach  protection,  water 
sapply,  and  soweragn  system  at 

HonroeHarbor,  Mioh.,  iinproycnient  of 

Monroe,  lAke.  Fla.,  8t.  Johns  Kiver  above, 
examination  of 


Ifontfesano.  AVaRh.,  Chehalls  River  below, 
examination  and  siirvoyof 

Monument,  Washington,  Washington,  D.  C, 
maintenance  of 

Moodna  River,  N.  Y.,  examination  and  sur- 
vey of 

Mooaeabeo  Bar,  Me.,  improvement  of 

Mount  Desert  to  Porcupine  Isbind,  Me., 
break  water  f^m 

Mount  Vernon,  Va.,  Potomac  River  at,  im- 
provementof v 

Moyock,  N.  C.lfortb-WeatEiver  below,  ex- 
amination of. 

Murderers  Creek,  K.  T.,  examination  and 
survey  of. 

Murderkill  River,  Del.,examlnation  and  sur- 
vey of 

Murphy,  John  H.,  et  oZ.,  bridge  of,  in  Barn- 
stable, Mass  

Muscle  Shoals  Canal,  Tennessee  River,  oper- 
ating and  care  of 

Muskegon  Harbor,  Mich.,  improvement  of. . 


Pago. 


Muskingum  County,  Ohio,  bridges  of  com- 

OMtructinjc  Mufl 
River 


missioDers  of,  oMtructing  Muskingum 


Muskingum  River,  Ohio: 

Bridce  obstructing,  between  Marietta 

ana  Harmar 

Bridge  obstructing,  between  Taylors- 
vilTe  and  Duncan  Falls 


Bridge  obstructing  canal  of,  at  foot  of 

Main  street,  Zanesville 

Ice-liarbor  at  mouth  of 

Improvement  of 

Operating  and  care  of  locks  and  dams  on 
Myrtle  Point,  Oregon,  and  Coquille  City, 
Coqullle  River  between,  exammation  and 

survey  of 

Mystic  River,  Conn.,  improvement  of 

Mystic  River,  Mass.,  examination  and  sur- 
vey of 


N. 


Kandua  Creek,  Ya-^xamination  of 

Kansemond  River,  va., improvement  of  . . . 

Nanticoke  River,  Md.,  northwest  fbrk  of, 
examination  of. , 

Nantucket,  Mass..  harbor  of  refuge  at 

Kapa  River,  Cal.,  inrprovement  or 

Karragansett  Bav,  R.  I.,  channel  between 
Starve  Goat  Istand  and  mainhmd,  exami- 
nation of. 


Karragansett  Bay.  R.  I.,  construction  of 
casemates  for  defense  of. 


Karragansett  Bay,  R.  I.,  improvement  of . . . 

Karraguagus  River,  Me.,  improvement  of . 

Narrows  of  Lake  Champlain,  K.  Y.  and  Vt., 
improvement  of 

Nasel  River,  Waah.,  examination  and  sur- 
vey of 

Nasnville  (steamer),  wreck  of 

Kashville,  Tonn.,  Cumberland  River  above, 
improvement  of 

Nashville,  Tenn.,  Cumberland  River  below, 
improvement  of 

Neches  River,  Tex.,  improvement  of 

Nehalem  Bay,  Oregon,  improvement  of 

Nellie  (baree),  removal  of  wreck  of 

Nemadjl  Xuver,  at  Superior,  Wis.,  examina- 
tion of 

Neshawanaand  Cnttyhunk  islands,  Mass., 
Csmapitsit  Channel,  between,  examination 
and  survey  of 

Neuse  River.  N.  C,  improvement  of 

New  Bedford  Harbor,  Mass.,  improvement 
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Kew  Berne  and  Beaufort,  N.  C,  water  way 
between.  Intprovement  of 

Kew  Bridge  CoinpanT,  bridge  of,  obstruct- 
ing Ashley  River,  S.  C 

"Sew  Castle,  Del.,  establishment  of  harbor 
linos  at 

Kew  Castle,  Bel.,  ice-harbor  at,  improve- 
ment of * 

New  Haven,  Conn.,  breakwater  at 

Kew  Haven  Harbor,  Conn.,  improvement  of. 

Kew  London  Harbor,  Conn.,  examination 
of  Bhaw  Cove 

Kew  London  Harbor,  Conn.,  improvement 
of- 

Kew  Orleans  Harbor,  La.,  removal  of  wrecks 
in 

Kew  River,  K.  C,  and  Beaufort  Harbor,  K. 
C,  water  way  between,  improvement  of. . 

Kew  River,  K.  C,  and  Swansboro,  K.  C, 
water  way  between,  improvement  of 

Kew  River,  K.  C,  improvement  of 

Kefw  River,  Va.  and  w.  Va.jimprovement  of. 

Kew  Rochelle  Harbor,  K.  Y.,  improvement 
of. 

Kew  Rochelle,  K.  T.,  Echo  Harbor,  im- 
provement of 

Kew  York  Central  and  Hudson  River  Rail- 
road Company,  bridge  of,  obstructing 
Spuyten  DnyvU  Cree£  K.  Y 

Kew  York  Harbor,  K.  Y. : 

Constnxetion  of  casemates  at 

Defense  of 

Establishment  of  harbor  lines  in,  and  } 

adjacent  waters j 

.    Examination  of  Bay  Ridge  Channel 

Examination  of  Buttermilk  and  Go- 

wanus  Bay  channels 

Improvement  of 

Improvement  of  Bay  Ridge  Channel 

Improvement  of  Buttermuk  Channel . . . 

Improvement  of  Gowanus  Bay 

Removal  of  wreck  in 

SupenriBlon  of 

Kew  York,  K.  Y.,  bridge  of  commissioners 
of  public  porks  of  city  of.  across  Harlem 
River  at  l&5th  street  ana  McComb  Dam 
Rood 

Kew  York,  K.  Y.,  brldgdlng  Hudson  River  at. 

KftwarkBay,  K.  J.,  and  Uackensack,  K.  J., 
Hockenaack  River  between,  examination 
and  survey  of :... 

Kewark,  K.  J.,  Passaic  River  A>ove,  im- 
provement of 

Kewark,  K.  J.,  Fassaic  River  below,  im- 
provemen  t  of 

Kewburyport  Harbor,  Mass.,  improvement 
of. 

Kewport  Creek,  head  of  Wicomico  River, 
Ma.,  examination  of 

KewjKnrt  Harbor,  R.  I.,  improvement  of 

Kewport  Harbor.  R.  I.,  south  of  Goat  Island, 
examination  of 

Kewport  River.  K.  C,  improvement  of 

Kewtown  Creeks  K.  Y.,  establishment  of 
harbor  lines  in 

Kewtown  Creek,  K.  Y^  improvement  of 

Kiagara  Falls,  K.  Y.,  Port  Day  above,  ex- 
amination and  survey  of 

Kiagara,  Fort,  K.  Y.,  protection  of  site  of.. 

Kiagara  River,  K.  Y.,  improvement  of. 

Kiles  Ferry,  Tenn..  bridge  obstructing 
Little  Tennessee  River  near 

Komini  Creek,  Ya.,  improvement  of 

Kooksack  River,  Wash.,  examination  of 

Kootsaok  River,  Wash.,  improvement  of . . . 

Korfolk  and  western  Railroad  Company, 
bridges  of,  across  Tug  Fork  of  Big  Sand.y 
River 

Korfolk  Harbor,  Va.,  and  Albemarle  Sound, 
K.  C,  water  waybeiween,  improvement  of. 

Korfolk  Harbor,  v  a.,  improvement  of 

Korfolk  Harbor,  Ya.,  improvement  of  ap- 
proaoheato 
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Vorth  East  (Cape  Fear)  Biver,  N.  C,  im- 
provoiuent  of 

North  East  River,  Md.,  iroprovement  of — 

Iforth  Landing  Kiver,  Ya.  and  N.  C,  im- 
proTenient  of , 

North  River  Bar,  N.  C.  Improvement  of 

Korth  River  Bridge  Company,  brid«re  of, 
across  Hndwon  Kiver  at  Jfew  York  City.. 

North  River.  Mass.,  at  Salem,  examination  of, 

North  River,  Mass.,  (rtioals  at  mouth  of,  ex- 
amination of 

North  River,  Wash.,  examination  and  sor- 
vey  of , 

North- West  River,  N.  C,  below  Moyock, 
examination  of 

Northern  and  northwestern  lakes,  printing 
and  distribution  of  charts  of 

Northern  and  northwestern  lakes,  ship 
channel  in  connecting  waters  of,  between 
Chicago,  Dnluth,  and  Butl'alo,  examiua- 
tion  or 

Northern  and  northwestern  lakes,  survey  of 

Northern  Pacitic  and  Puget  Sound  Stinre 
Railroad  Company,  bridge  of,  across  Du- 
wamish  River,  Wash 

Northwestern  and  northern  lakes,  printing 
and  distribution  of  charts  of 

Northwestern  and  northern  lakes,  ship 
channel  in  connectin^waters  of,  between 
Chicago,  Duluth,  and^utlalo,  examination 
of 

Northwestern  and  northern  lakes,  survey  of 

Norw^k  Harbor,  Conn.,  improvement  of  .. 

Nottoway  River,  Ya.,  below  Courtland,  ex- 
amination of 

Noxubee  River,  Hiss.,  improvement  of 

O. 

Oak  Bay  and  Port  Townsend  Bay,  Puget 
Sound,  Wash.,  examination  for  ship  chan- 
nel between 

Oak  Orchard  Harbor.  N.  T.,  improvement  of 

Oakland  Harbor,  CaJ.,  improvement  of 

Obion  River,  Tenn.,  examination  and  sur- 
vey of 

Occoquan  Creek,  Va.,  improvement  of 

Occupancy  of  and  iojury  to  public  works  by 

corporations  or  individuals 

Ocklawaha  River,  Fla.,  improvement  of  . . . 

Oomulgee  Kiver,  Ga.,  improvement  of , 

Ocmulgoo  River,  Ga.,  to  Covington,  Yellow 

River  ttom^  examination  of 

Oconee  River,  Ga.,  improvement  of 

Oconee  River,  Ga.,  near  Dublin,  bridging. . 

Oconto  Harbor,  Wis.,  improvement  of 

Ocracoke  Inlet,  N.  C,  improvement  of 

Office  of  the  Chief  of  Engineers 

Officers  of  Corps  of  Euj^Incers , 

Officers  of  Corps  of  Engineers,  recommenda- 
tions as  to  examiiiatTous  for  promotion  of 
Officers  of  Corps  of  Engineers,  stat-emeut 

showing  rank  and  duties  of 

Ogdensburg  Harbor,  N.  Y.,  improvement  of 

Ogeechee  River,  Ga.,  wrecks  in 

Ohio  River: 

Construction   of  movable    dam   near 

mouth  of  Beaver  River,  Pa 

Examination  of,  at  Owensboro,  Ky 

Examination   of,    between    month    of 
Green  River,  Ky .,  and  Evans  villo,  Ind 

Improvement  of , 

.     Improvement  of  Falls  of,  Louisville,  Ky 
Improvement  of  Indiana  Chut«.  Falls  of 
Improvement  of  Mi.s8iH.sippi  River  be- 
low, etc.  (report  of  Mississippi  River 

Commission) 

Improvement  of  Mississippi  River  be- 
tween Illinois  River  ann 

Operating  aud  care  of  Davis  Island  Dam 

Operating  snag  boats  on 

Olcott  Harbor,  N.  Y.,  improvement  of 

Olympia  Harbor,  Wash.,  examination  and 
survey  of , 
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Omaha,  Xebr.,  bridging  Missouri  Biver  at 
East 

Onanoock  Harbor,  Ya.,  improvement  of 

Ontonagon  Harbor,  Micli.,  improvement  of 

Oreson  Railway  Extensions  Company, 
bndgo  of,  across  Columbia  River  near 
Vancouver,  Wash 

Osage  River,  Mo.,  improvement  of 

Osten'ille,  Barnstable,  Mass.,  bridging 
channel  between  Little  Island  and  main- 
land at 

Oswego  Harbor,  K.  Y.,  improvement  of 

Otter  Creek.  Yt.,  improvement  of 

Ouachita  River  above  Camden,  Ark.,  im- 
provement of 

Ouachita  River,  Ark.  and  La.,  improve- 
ment ofb 

Ouachita  River,  La.,  near  Coliunbia,  bridging 

Owensboro  Harbor,  Ky.,  Ohio  River,  exam- 
ination of. : 


Page. 


P. 

Paoiflo  coast,  deep-water  harbor  between 
Points  Duma  and  Capistrano,  Cal.,  on, 
examination  for 

Pacific,  Division  of  the,  report  of  acting 
engineer  officer  on  operations  in 

PadcTy  Ryan  (hoow),  removal  of  wreck  of. . . 

Padilia  Bay,  AYaHh.,  and  Skagit  Bay,  water 
way  through  Swinomish  Sloush  connect- 
ing, examination  and  survey  of 

Panuico  River,  N.  C,  and  Bay  River,  N.  C, 
water  way  between,  examination  of 

Pamlico  River,  N.  C,  at  Washington  Har- 
bor, examination  of 

Pamlico  River,  N.  C,  improvement  of 

Pamlico  River,  N.  C.,  opposite  Swan  Point, 
removal  of  wreck  in 

Pamunkey  River,  Ya.,  imj^vement  of 

Itocagoula  River,  Miss.,  improvement  of. . . 

Pasquotank  River,  N.  C.  improvement  of . . 

Passaic  River,  "N.  J.,  above  Newark,  im- 
provement of 

Passaic  River,  N.  J.,  below  Newark,  im- 
provement of 

Passaic  River,  N.  J.,  improverafmt  of 

Patopsco  River,  Md.,  from  Czltighill  Chan- 
nelto  sugar  refinery  wharves,  Curtis  Bay, 
examination  of , 

Patapsco  River,  Md.,  improvement  of 

PatcDogue  River,  N.  Y.,  improvement  of... 

Patuxent  River,  Md.,  improvement  of 

Pawcatnck  River,  R.  I.  and  Conn.,  improve- 
ment of , 

Pawtuoket  River,  R.  I.,  improvement  of 

Peace  River,  Fla.    (See  Ve&ae  River.) 

Pearl  River,  Miss.,  below  Jackson,  improve- 
ment of , 

Pearl  River,  Miss.,  between  Edinburg  and 
Carthage,  improvement  of 

Pearl  River,  Miss.,  between  Jackson  and 
Carthage,  improvement  of 

Pease  Creek,  Fia.,  improvement  of. 

Pease  River,  Fla.,  examination  of 

Peconic  River,  Suffolk  County,  N.  Y.,  ex- 
amination  and  survey  of 

Penobscot  River,  Me.,  examination  and  sur- 
vey of : 

Penobscot  River,  Me.,  improvement  of 

Pensacola  Harbor,  Fla.,  improvcnnent  of. . . . 

Pensankee  Harbor,  Wis.,  improvement  of . . 

Pensanken  Creek,  N.  J.,  examination  of 

Pentwater  Harbor,  Mich.,  improvement  of. . 

Pepperell  Cove,  Me.,  examination  of 

PeuQuma  Creek,  Cal.,  improvement  of 

Petit  Jean  River,  Ark.,  improvement  of 

Petoskev  Harbor,  Mich.,  improvement  of . . . 

Pliihulelphia  Harbor,  Pa.,  construction  of 
casemates  at 

Philailelphia  Harbor,  Pa.,  unprovement  of. . 

Philadelphia,  Pa.,  establishment  of  harbor 
linea  in  port  of , 
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Pier  In  Delaware  Bay,  noar  Lewda,  Del., 
conatraction  of 

Piera.  etc..  occupancy  of  and  Injury  to,  by 
corporations  or  individuals 

Pine  Lake,  Mich.,  entrance  to,   improve- 
ment of 

Pine  Lake,  Mich..  near<;harlevoix,  bridging . 

Piacataway  Creek,  Md.,  examination  of. 

Pisoataway  Croek,  Va.,  examination  of 

Pittaburff,  Pa.,  bridging  Allegheny  River 
at  Sixtn  atri^et 

Pittabarg,  Pa.,  bridging  Monongahela 
Bivor  near 

Plaqnemine,  Bayou,  La.,  brid^  obstructing. 

Plaquemlne,  Bayou,  La.,  improvement  of  . . 

Plaoaemine,  Bayou,  La.,  securing  mouth 
ofV  from  further  oaTlng ^. 

Platte  County,  Mo.,  orldging  Missouri 
Kiverat 

Platte,  Department  of  the,  report  of  acting 
engineer  officer  on  operations  in 

Platte  River  (Little).  Mo.,  old  month  of,  to 
a  point  opposite  Leavenworth,  Kans., 
Missouri  River  from,  examination  of 

Plattaborg  Harbor,  K.  Y.,  improvement  of. 

Plattsburg/K.  Y.,  inner  bay  near  mouth  of 
Saranac  Rive^  at,  examination  of 

Pleasant  River,  Me.,  improvement  of 

Pleasant  River,  Me.,  removal  of  wrecka  In. . 

Plymouth  Harbor.  Mass.,  improvement  of #. 

Point  Judith,  R.  I.,  harbor  of^ refuge  at 

Points  Duma  and  Capistrano,  Cal.,  deep* 
water  harbor  on  Pacifio  coast  between, 
examination  for 

Pollock  Rip  Shoala,  Mass.,  removal  of  wreck 
at 

Pontchartrain,  Lake,  La.,  shoals  in,  near 
Rigolota,  examination  of 

Porcupine  laland.  Me.,  breakwater  Aram 
Mou  nt  Desert  to 

Port  Barre,  La.,  and  St  Martinsville,  Bayou 
^     Teohe  between,  examination  of 

Port  Chester  Harbor,  K.  Y..  improvement  of . 

Port  CUnton  Harbor.  Ohio,  improvement  of . . 

Port  Costa,  Cal.,  modification  of  harbor  lines 
at 

Port  Day,  N.  Y.,  above  Niagara  Falls,  exam- 
ination and  survey  of 

Port  Huron,  Mich.,  Black  River  at,  improve- 
ment of 

Port  Jefferson  Inlet,  harbor  at,  K.  Y.,  im- 
provement of : 

Port  Orford  Harbor,  Oregon,  reexamina- 
tion of 

Port  Royal  and  Augusta  Railway  Company, 
bridse  of,  obstructing  Savannah  River,  Ga 

Port  Townsend  }iay  and  Oak  Bay,  Puget 
Sound,  Wash.,  examination  for  ship  chan- 
nel between 

Port  View  Bridge  Company,  bridge  of,  across 
Yougliiogheny  River,  Pa 

Port  Washington  Harbor,  AVia.,  improve- 
ment of 

Portage  Lake  and  River  Improvement  Com- 
pany Canal,  purchase  of 

Portage  Lake,  Mich.,  harbor  of  refuge  at . . . 

Portaee  Lake,  Mich.  ^Hou^hton  County), 
estaoliahment  of  harbor  lines  in 

Portage  Lake,  Mich.  (Houghton  County), 
purohaae  of  canals  between,  and  Kew'eo- 
nawBay  and  Lake  Superior,  Mich 

Portage  Lake,  Mioh.  ^Houghton  County), 
resurvey  and  relocation  of  harbor  Une  m. . 

Portage  luTiar,  Mich.,  purchoseof  wator  way 
along 

Portland  Canal,  Louisville  and,  Ky.,  oper- 
ating and  care  of 

Portland  Harbor,  Me.,  construction  of  case- 
mate at 

Portland  Harbor,  Me.,  improvement  of 

Portland  Harbor,  Me.,  removal  of  wreekftom 
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Portland,  Me.,  bridge  obstructing  channel 
to  Back  Cove ^ - 

Portland,  Me.,  improvement  of  channel  in 
Back  Cove 

Portland,  Oregon,  Columbia  and  WiUa- 
melite  rivers  below,  examination  and  sur- 
vey of 

Portland,  Oregon,  Columbia  and  "Willa- 
mette rivers  below,  improvement  of 

Portland,  Oregon.  Willamette  River  above, 
improvement  of 

Portsmouth  Harbor,  N.  H..  improvement  of. 

Post  of  Willets  Point,N.Y 

Potomac  Creek,  Ya.,  examination  of 

Potomac  River: 

Erection  of  £Ub  wajs  at  Great  Falls — 
Examination   and    survey    of,    below 

Waahinston,  D.  C 

ExamiUAtion   and  survey   of  Eastern 

Branch  of,  D.C 

Imi>roT6ment  of,  at  Mount  Vernon,  Va . . 
Improvement  of,  at  Washington,  D.  C  . . . 
Improvement  of  Eastern  Branch  of,  D.  C 

Powow  River,  Mass.,  bridge  across 

Powow  River,  Mass.,  Improvement  of 

Presque  Isle  Peninsula,  Erie  Harbor,  Pa., 
preservation  and  protection  of 

Priest  Rapids.  Wash.,  foot  of,  and  head  of 
Rock  Island  Rapids,  Columbia  River  be- 
tween, improvement  of v .  i 

Princess  Bay,  Staten  Island,  N.  Y.,  examin- 
ation of 

Printing  and  distribution  of  charts  of  north- 
em  and  nortli^irestem  lakes 

Promotion  of  officers  of  Corps  of  Engineers, 
recommendations  as  to  examinations  for  . . 

Providence  River,  R.  I.,  improvement  of 

Providence  River,  R.  I.,  removal  of  Green 
Jacket  Shoal 

Provincetown  Harbor,  Mass.,  improvement 


of. 


Public  buildings  and  grounds,  I>.  C,  im- 


provement and  care  oi 

Public  works,  oocupimcy  of  and  injury  to, 
by  corporations  or  individuals 

PublicaUon  of  maps,  estimates  for 

Puget  Sound,  Wasn.,  ship  canal  to  connect 
I^kes  Union,  Washington,  and  Samamish 
with,  examination  for 

Pngot  Sound,  Wash.,  ship  channel  between 
Port  Townsend  Bay  and  Oak  Bay,  examin- 
ation for 

Puget  Sound,  Wash.,  water  way  through 
Swinomish  Slough  connecting  Saratoga 
Passage  and  Skagit  Bay  withPadiUa  Bay, 
examination  and  survey  of 

Pultneyville  Harbor,  N.  Y.,  improvemont  of . 

Pungo River  to  Sladesville,  N.  C.,  waterway 
ftom,  examination  of , 

Puyallap  River,  Wash.,  examination  of 


Quincy  Bay,  HI.,  reopening  Willow  Slough, 
or  some  other  cluuanel,  urom  Mississippi 
River  to 

Quindaro,  Kans.,  bridging  Missouri  River 
near , 


Racine  Harbor,  Wis.,  Improvement  of 

Rah  way  Ri^«er,  N.  J.,  improvement  of , 

Rancocas  River,  N.  J.,  improvement  of. 

Rancocas  River,  N.  J.,  removal  of  wreck  in. 
Rank  and  duties  of  officers  of  Corps  of  En- 
gineers, statement  showing 

Rappahannock  River,  Ya.,  improvement  of.. 

Raritan  Bay,  K.  J.,  improvement  of 

Earitan  Bay,  N.  J.,  removal  of  wreck  in 

Karitan  River,  N.  J.,  establishment  of  har- 
bor lines  in , 
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BUBJCor. 


R«ritan  River,  N.  J.,  improTement  of 

KocoimaiASiuicea 

Beoonnaisaances  ia  mUltary  ^epartzncnta, 
estiinat^w  f«r 

Sed  Kiver  above  Fulton,  Ark.,  improve- 
ment of 

Red  River,  La.  and  Ark.,  improvement  ot  . . . 

Red  River,  La.,  at  Upper  falls,  near  Alex- 
andria, brid^inff 

Red  River  of  t)ie  r«*ortli,  Minn,  and  N.  Dak., 
and  tributaries  above  Fergus  Falls  and 
Crookston,  and  Big  Stone  Luke,  examina- 
)f. 


tion  and  survey  oj 

Red  River  of  the  North,  Minn,  and  N. 
Dak.,  at  Goose  Rapids,  examination  for 
construction  of  lock  and  dam 

Red  River  of  the  North,  Minn,  and  N.  Dak., 
improvement  of , 

Redondo  lieach  Harbor,  Cal.,  examination  of. 

Redwood  Creek,  Cal.,  examination  of 

Redwood  Creek,  Cnl..  improvement  of 

Redwood  Harbor,  Cal.,  improvement  of 

Reelfoot  Lake,  Tenn.,  MisHissippi  River 
north  and  wost  of,  examination  of 

Reservoirs  at  headwaters  of  Mississippi 
River 

Reservoirs  at  sources  of  Mississippi,  St. 
Croix,  Chippewa,  and  Wisconsin  rivers, 
surveys  for 

Rhoades,  Mary  H.  (schooner),  removal  of 
wreck  of 

Richmond,  Ohio,  (Irnnd  River  below,  exam- 
ination nnd  survey  of , 

River  and  harbor  improvements , 

Rivers  and  h>irbors,  examinations,  surveys, 
and  coiitintrencios  of,  estimates  for 

Roads  in  Yellowstone  National  Park,  con- 
struction .lud  improvement  of 

Roanoke  River,  Va.  and  N.  C,  improvement 
of 


Roberts  Landing  and  Collins  Crossing.  N. 
C,  White  Oak  River  between,  examina- 
tion of 

Rock  Hall  Harbor,  Md.,  examination  and 
Burvev  of 

Rock  IslnndRapids,  Wash.,  head  of,  and  foot 
of  Priest  Rapids,  Columbia  River  be- 
tween, iim)roveni©nt  of 

Rockland  Harbor,  Me.,  improvement  of 

Rookport  Harbor,  Me.,  improvement  of 

Rome,  Ga.,  and  East  Tennessee,  Virgin  Li 
and  Georgia  Railroad  bridge,  Coosa  River 
between.lmprovoment  of 

Rondeway,  Bayou.  La.,  improvement  of 

Rondout  Harbor,  N.  Y.,  improvement  of 

Ross  Island,  Oregon,  Willamette  River  at 
examination  and  survey  of 

Roage  River,  Mich.,  examination  for  turn- 
ing basin  in : 

Rouge  River,  Mich.,  improvement  of 


Rough  River,  Ky.,  improvement  of. 

Rouse  Point,  Lake  Champlain,  N.  Y.,  break- 
water at , 

Rnssol  Fork  of  Big  Sandy  River,  Ky .,  exam- 
ination of ^^. . . '. , 

Russell,  Annie  J.  (schooner),  removal  of 
wreck  of 

Ryan,  Paddy  (scow),  removal  of  wreck  of. . 


Sabine  Lake,  La.  and  Tex.,  and  Calcasieu 
Lake,  connection  between,  yia  Bayou 
Black,  examination  of 

Sabine  Lake,  La.  and  Tex.,  and  Sudduth 
Bluff,  Sabine  River  between,  examination 
of , 


SablnePass,  Tex.,  harborat,  improvCTientof 
Sabine  River,  Tex.,  between  Sabine  Lake 

and  Sudduth  Bluff,  examination  of 

Sabine  River,  Tex.,  improvement  of , 

Sacketts  Harbor, N.  Y.,  harbor  at, improve- 

mentof. 
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SUBJKCT. 


Saco  Bivor,  Me.,  breakwater  at  moTith  of  . . . 

Saco  River,  Me.,  improvement  of 

Sacramento  River,  Col.,  Board  on  improve- 
ment of 

Sacramento  River,  Gal.,  improvement  of 

Sacramento  River,  Cal.,investigationof  min- 
ing-d6bris  question 

Sacramento  River.  Cal.,  month  of,  snrvey  of 

6a^  Harbor,  Suffolk  County,  K.  Y.,  examina- 
tion and  snrvey  for  bres^water  at 

Saginaw  River.  Mich.,  improvement  of 

Saginaw  River,  Mich.,  iqjur^  to  revetment  In 

St.  Anthony  Falls,  Minn.,  M-lasissippi  River 
above,  improvement  of 

St.  Augustine  Harbor,  Fla.,  establishment  of 
harbor  lines  in 

St.  Augustine  Harbor,  Fla.,  examination  of 
channel  in 

St.  Augustine  Harbor,  Fla.,  improvement  of. 

St.  Charles  Bay,  Tex.,  examination  for  re- 
movingobstrnctions  at  mouth  of 

St.  Clair  Flats  Canal,  Mich.,  improvement  of. 

St.  Clair  Flats  Canal,  Mich .,  ixgury  to  pier  at . 

St.  Clair  Flats  Canal,  Mich.,  operating  and 
care  of 

St  Clair,  Madison  and  St.  Louis  Belt  Rail- 
road Company,  bridge  of,  across  Missis- 
sippi River  at  Alton,  ill. 

St.  Clair  River,  Mich.,  Corsica  Shoal  in  lower 
end  of  Lake  Huron  near,  examination  of . . 

St  Clair  River,  Mich.,  removal  of  wrecks  in. 

St  Croix  Lake,  Wis.,  near  Hudson,  exami- 
nation of 

St  Croix  River,  Me.,  improvement  of 

St  Croix  Rlv£r,  Wis.  and  Minn.,  improve- 
ment of  

St.  Croix  River,  Wis.  and  Minn.,  snrvey  for 
reservoirs  at  sources  of 

St  Francis  River,  Ark.,  improvement  of 

St  Francis  River,  Mo.,  improvement  of 

St  Jerome  Bay,  Md.,  examination  of 

St  Johns  River,  Fla.,  improvement  of 

St  Johns  River,  FJa.,  irpper  part  of,  south 
of  Lake  Monroe ;  and  from  Jacksonville  to 
Sanford.  examination  of 

St  Jones  River,  Del.,  improvement  of 

St.  Joseph  Harbor,  Mich.,  improvement  of. . . 

St  Joseph  River,  Mich.,  improvement  of 

St  Lawrence  River,  N.Y., shoal  between  Sis- 
ter Islands  and  Cross-over  Light  in,  im- 
provement of 

St  Leonard  Creek,  Md.,  examination  of 

St  Louis  Bay  and  adjacent  waters.  Minn, 
and  Wis.,  establishment  of  harbor  lines  in. 

St  Louis  Bay,  Wis.,  and  Fond  dn  Lac,  Minn., 
St.  Louis  River  between  Grassy  Point  in, 
examination  and  survey  of 

St  Lonis  Bay,  Wis.,  improvement  of 

St  Louis  Harbor,  Mo.,  impi-ovement  of 

St  Louis  River,  Minn,  and  Wis.,  ^between 
Fond  du  Lac  and  Grassy  Boint,  examina- 
tion and  survey  of 

St  Martins xalle,  La.,  and  Port  Barre,  Bayou 
Tcche  between,  examination  of 

St  Marys  Falls  Canal  drv  dock,  Mich 

St  Marys  Falls  Canal,  !!bfich.,  occupancy  of 
and  injuries  to  public  works,  etc.,  at 

St  Marys  Foils  Canal,  Mich.,  operating  and 
care  of ^ 

St.  Marys  River,  Mich.,  Hay  Lake  Channel, 
improvement  of 

St  Marvs  River,  Mich.,  improvement  of 

St  Paul,  .Minn.,  bridge  of  city  of,  across 
Mississippi  River 

St  Paul,  Minn.,  gauging  Mississippi  River 
at  or  near 

Salamander  (schooner),  removal  of  wreck  of. 

Salem  Harbor,  Ma.s8.,  improvement  of 

Salem,  Mass.,  North  River  at,  examination 

of 

adross  Powow 


Salisbury,  Mass.,  bridge 
River  at 


(^alkaha^chie  River,  S.  C,  improvement  of.. 
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Sunamisli,  Lake,  Waah.,  ship  canal  to  con- 
nect Puget  Sound  with,  exaininntion  for.. 
San  Diego  Harbor,  Cal.,  iraproveraent  of  - . . 
San  Diego  Harbor,  Cal.,  occupancy  of  levee 


at. 


San  Francisco  Harbor,  Cal.,  and  adj^^'ent 

waters,  establishment  of  harbor  lines  in  . . 
San  Francisco  Harbor,  Cal.,  and  adjacent 

watiirs,  snrvevof 

San  Francisco  llaxbor,  Cal.,  construction  of 

casemates  at 

San  Francisco  Harbor,  Cal.,  defense  of 

San  Joaquin  River,  Cfll.,  improvement  of... 
San  Joaquin  Ktver,  Cal.,  investigation  of 

mining-d6bris  question 

San  Joaquin  Kiver  Cal.,  mouth  of,  survey  of. 
San  Luis  Obisi>o  Harbor,  Cal.,  improvement 

of 


San  Pablo  Ba^,  Cal.,  survey  of 

San  Pedro,  Wilmington  Harbor,  Cal.,  estab- 
lishment of  harbor  lines  at 

San  Rafael  River,  Cal.,  examination  ot 

San  Simoon  Bay,  Cal.,  examination  of 

Sand  Beach,  Lake  Huron,  Mich.,  harbor  of 
refuge  at 

Sandusky  City  Harbor,Ohio,impro vement  of. 

Sandusky  River,  Ohio,  improvement  of 

Sandy  Bay,  Cape  Ann,  Mass.,  harbor  of  re- 
fuge at 

San&rd  and  Jacksonville,  Fla.,  St.  Johns 
River  between,  examination  of 

Santa  Cruz,  Cal.,  harbor  of  refdgo  at,  exami- 
nation of 

Santee  River,  S.  C,  improvement  of . ., 

Sapelo  and  Doboy,  Ga.,  inside  route  be- 
tween, examination  arid  survey  of 

Saranac  River,  N.  7.,  inner  bay  near  mouth 
of,  at  Plattsburg,  examination  of 

Sarasota  Bay,  Fla.Mmprovement  of 

Saratoga  Passage,  wash.,  and  Padilla  Bay, 
water  way  tlirongh  Swinomish  Sloagh 
connecting^  examination  and  survey  of 

Sangatuck  Harbor,  Mich.,  improvement  of . 

Sangatuck  River,  Conn.,  examination  of 

Saugerties  Harbor,  N.  Y.,  improvement  of. 

Savannah,  Ga.,  andFemandiua,  Fla.,  inside 
route  between,  examination  and  survey  of. 

Savannah  River  and  Harbor,  Ga.,  improve- 
ment of I 

Savannah  River  and  Harbor,  Ga.,  removal 
of  wrecks  In 

Savannah  River,  Ga.,  below  Augusta,  bridge 
obstructing 

Savannah  River,  Ga.,  improvement  of 

Savannah  River,  near  Sister  Ferry,  Effing- 
ham County,  Ga.,  bridging 

Sayvllle,  N.  Y .,  Browns  Creek  at,  improve- 
ment of 

Schuylkill  River,  Pa.,  improvoniont  of 

Scituate  Harbor,  Mass.,  iniprovcinent  of 

Sea  walls  and  embankments  at  Davids  and 
Governors  islands,  Xew  York  Harbor 

Seattle  and  Northern  Railroad  Company, 
bridge  of,  obstructing  Swinomish  Slough, 
Wasli 
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Seattle,  Wash.,  bridging  Duwamish  River 
near 

Sebewaing,  Mich.,  Sebewaing  River  below, 
examination  of 

Sebewaing  River,  Mich.,  below  Sebewaing, 
examination  of 

Seven  Devils  mining  district,  Idaho,  and 
Huntington  Bridge,  Upper  Snake  River 
between,  examination  and  survov  of 

Sevierville,  Tenn.,  Little  Pigeon  Klvor  be- 
low, examination  of 

Shark  River,  N.  J.,  examination  of '. 

Shaw  Cove,  New  London  Harbor,  Conn., 
examination  of 

Sheboygan  Harbor,  Wis.,  improvement  of . . 

Sheepshead  Bay,  N.  Y.,  improvement  of 

Sherman,  Gen.'W.  T.  (schooner),  removal  of 
wreck  of 
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Ship  canal  connecting  Lakes  Union,  Wasli- 
insion,  and  Samamiah  ivith  Puget  Sonnd, 
wasli., examination  for 

•SEhip  cbannel  between  Port  Town/iend  Bay 
and  Oak  Bay,  Puget  Sonnd,  Wash.,  exam- 
intftion  for 

Ship  obaimel  in  connecting  waters  of  the 
Great  Lakes  between  Chicago,  Dolnth, 
and  Boffalo,  examination  of 

Ship  channel  in  Galveston  Bay,  Tex.,  im- 
provement of 

Smp  Island  Harbor,  Miss.,  removal  of 
wreck  in 

Shoal  between  Sister  Islands  and  Cross- 
over Light,  St.  Lawrence  River,  V,  Y., 
improvement  of 

Shoal  Harbor  and  Compton  Creek,  N.  J.,  im- 
provement of 

Shoalwater  Bay,  Wash.,  examination  of — 

Shreveport,  La.,  and  Jefferson,  Tex.,  Cy- 
press Bayoa  and  the  lakes  between,  sur- 
vey of  - 

Shrewsbury  River,  N.  J.,  improvement  of. . . 

Sionx  City,  Iowa,  and  Fort  Benton,  Hont., 
Mlssoiui  River  between,  examination  and 
survey  of 

Sioux  City,  Iowa,  and  Great  Falls,  Hont., 
Mlssoun  River  between,  improvement  of. 

Sister  Ferry,  Ga^  bridging  Savannah  River 
near 

Sister  Islands  and  Cross-over  Light,  N.  Y., 
shoal  in  St.  Lawrence  River  between,  i;n- 
provement  of 1 

Sites  for  fortifications 

Siuslaw  River,  Oregon,  improvement  of  — 

Skagit  Bay,  wash.,  and  Paclilla  Bay,  water 
way  through  Swlnoraish  Slough  connect- 
ing, examination  and  survey  of 

Skagit  River,  Wash.,  examination  of 

Skagit  River,  Waah.,  improvement  of 

Skamokawa  River,  Wash.,  examination  of . . 

Sladesville,  "S.  C,  to  Pungo  River,  water 
way  flrom,  examination  of. 

Smith  Creek,  Md.,  examination  of 

Smithland  Harbor,  Ey.,  examination.of 

Smyrna  River,  Del.,  improvement  of 

Smyrna  River,  Del.,  removal  of  wreck  in  . . . 

Snake  River  (upper),  Idaho,  between  Hunt- 
ington Bridge  and  Seven  Devils  mining 
dis^ct,  examination  and  survey  of 

Snake  River.  Wash.,  improvement  of. 

Snohomish  River,  Wash.,  examination  of. . . 

Snohoraiah  River,  Wash.,  improvement  of  . 

Snoqualmie  River,  Wash.,  improvement  of. 

Sopelo,  Ga.    (See  Sapelo.) 

South  Bend,  Wash.,  Shoalwater  Bay  and 
Willapah  River  at,  examination  and  sur- 
vey of , 

South  Bound  Railroad  Company,  bridge  of 
The,  across  Savannah  River,  Ga 

South  Dakota,  north  line  of,  and  mouth  of 
Big  Sioux  River,  Missouri  River  between, 
examination  and  survey  of 

South  Fork  of  Cumberland  River,  Ky.,  im- 
provement of 

South  Haven  Harbor,  Mich.,  improvement 
of 

South  Pass  of  Mississippi  River,  inspection 
of  improvement  of 

South  River,  N.  J.,  improvement  of 

Spokane  and  Palonso  Railway  Company, 
Dridge  of,  across  Clearwater  River,  Idaho. 

SpottsvUle,  Ky.,  bridge  obstructing  Green 
River  at 

Spuyten  Duyvll  Creek,  K.  Y.,  bridge  ob- 
structing  

Squan  River,  K.  J.    (See  Manasquan  River.) 

8.  S.  Bickmore  (schooner),  removal  of  wreck 
of 

Stamford  Harbor,  Conn.,  examination  and 
survey  of 

Stamford  Harbor,  Conn.,  improvement  of. . . 
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Subject. 


Starve  Goat  Inland,  B.  I.,  •hannel  betweoi, 
and  mainland,  in  IfarraganBott  Bay,  ex* 
amination  of 

Staten  Island  and  New  Jersey,  channel  be- 
tween.  Improvement  of 

Staten  Island,  X.  Y.,  PrincesB  Bay,  exami- 
nation of 

Staanton  River,  Ya.,  Improvement  of 

Steele  Bayou,  Miss.,  improvement  of 

Stcilaquamish'Kiver,  wafth.,  improvement 
of *. 

Stonington,  Conn.,  harbor  of  refaee  at 

Stony  Creek  Kiver,  at  Stony  Creek,  Conn., 
examination  of ^ 


Page. 
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Strait  of  Karquinea,  Cal.,  survey  of. ." 

Stubba  Ferry,  Mont.,  canyon  next  below, 
and  Great  Falls,  Missouri  Rirer  between, 
examination  and  survey  of 

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge 
at  entrance  of 

Sncarnochee  Bivcr,  Ala.,  examination  of 

Suddutb  Bluff,  Tex.,  and  Sabine  Lake,  Sa- 
bine River  between,  examination  of. 

Siiinun  Bay,  Cal.,  aurvey  of 

Sullivan  Falls,  Hancock*Oounty,  Me.,  exam- 
ination of 

Snmpawanus  Inlet,  N.  Y.,  improvement  of. 

Superior  Bay  and  adjacent  waters,  Minn, 
and  Wis.,  establishment  of  harbor  Lines  in. 

Sux^erior  Bay,  Wis.,  improvement  of 

Superior,  Lake,  purchase  of  canals  connect- 
ing Portage  Lake,  Mich.,  with 

Siiperior,  Wis..  Allouez  Bay  and  Nemadji 
Kiver  at,  examination  of 

Superior,  Wis.,  Minnesota  Point  at,  im- 
provement of 

Supervision  of  the  harbor  of  New  York 

Survey  of  nortliem  and  northwestern  lakes. 

Surveys  and  examinations 

Surveys,  examinations,  and  oontingenciea 
of  nvers  and  liarbors,  estimates  tor 

Surveys  in  military  departments,  estimates 
for 


Suaqnehanna  River  above  and  below  Havre 
de  Grace,  Md.,  improvement  of 

Susquehanna  River  above  Havre  de  Grace, 
Mu.,  examination  and  survey  of 

Susquehanna  River,  West  Branch  of,  Pa., 
examination  of 

Suwanee  River,  Fla.,  improvement  of 

Swan  Island,  Oregon,  Willamette  River  on 
west  side  of,  examination  of 

Swans1x>ro  and  New  River,  N.  C,  water  way 
between,  improvement  of 

Swinomish  Slough,  Wash.,  bridge  obstruct- 
ing   

Swinomish  Slough,  Wash.,  examination  and 
survey  of 

Sylvia  ae  Grasse  (ship),  removal  of  wreck  of. 


T. 

Taooroa^  Olympla  and  Grays  Harbor  Rail- 
road Company,  brid^^ces  of,  across  Cheholis 
and  Johns  rivera,  Wateh 

Tallahatchee  River,  Miss.,  improvement  of. 

Tallapoosa  River,  Ala.,  improvement  of 

Tampa  Bay,  Fla..  improvement  of 

Tangier  Harbor,  Va.,  examination  of 

Tar  River,  N.  C,  improvement  of 

Taunton  River,  Mass.,  improvement  of 

Taylorsville.  Ohio,  bridge  obstructing  Mua- 
kin£cum  River  at 

Tchefiincte  River,  La.  (Sm  Chefuncte 
River.) 

Tchula  Lake,  Miss.,  improvement  of 

Teche,  Bayou,  La.,  between  St.  Martinsville 
and  !Port  Barre,  examination  of 

Teche,  Bayou,  La.,  improvement  of 

Tennessee  River: 

BHdge  at  Florence,  Ala.,  obstructing... 
Improvement  of , 
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Tennessee  River—Continued, 

Improvement  of,  above  Chattanooga, 

Tenu 

Improvement  of,  below  Bee  Tree  Shoals, 

Ala 

Improvement  of,  below  Chattanooga^ 

Teun — '... 

Improvement  of,  between  Cliattanooga, 
Tenn.,  and  foot  of  Bea Tree  Shoals,  Ala. 
Operatiug  and  care  of  Mnsble  Shoals 

Canal 

Tensas  River,  La.,  improvement  of 

Ten-o  Haute,  Ind.,  and  La  Fayette,  AVabash 

River  between,  exarainatlcm  of 

Terrebonne,  Bavou,  La.,  and  Bayou  Black, 

examination  K>r  councction  between 

Terrebonne,  Bayou,  La.,  between  Hooma 

and  Thibodeaux,  examination  of 

Tei  rebonne,  Bavou,  La.,  improvement  of . . . 
Texas  and  Pacifle  Railway  Company,  bridge 

of,  obstructing  Bayou  Plaqucmine,  La 

Thames  River,  Coim.,  improvement  of 

The  Board  of  Engineers 

The  South  Bound  Railroad  Company,  bridge 

of,  across  Savannah  River,  Ga 

The  Upper   Bridge  Company,  bridge  of, 

across  Monongahela  River,  Pa 

Thibodeaux,  La.,  and  Houma,  Bay'ou  Terre- 
bonne between,  examination  of 

Thoroughfare  from  Cape  May  to  Great  Bay 
north  of  Atlantic  City,  N.  J .,  examination 


of. 


Thunder  Ba}'  Harbor,  Mich.,  improvement 


of. 

Thunder  Bay  River,  Mich.,  improvement  of. 
Tickl'aw  River,  La.,  and  its  triontaries,  im- 
provement of 

Ticondei-oga  River,  N.  Y.,  improvement  of. . 

Tigre,  Bayou,  La.,  examiuation  of 

Tillamook  Bay  and  Bar,  Oregon,  examina- 
tion and  8ur\'ey  of 

Tillamook  Bay  and  Bar,  Oregon,  improve- 
ment of 

Tionesta  Creek,  Pa.,  between  Tionesta  and 

Balltown,  examination  of 

Tionesta,  Pa.,  and  Balltown,  Tionesta  Creek 

between,  examination  of 

Titnsville  and  Jupiter  Inlet,  Fla.,  Indian 

River  between,  examination  of 

Toledo  Harbor,  Oliio.  improvement  of. 

Tonibitibco  River,  improvement  of: 

Below  Deuiopolis,  Ala 

Below  Vienna,  Ala 

Between  Demopolis,  Ala.,  and  Columbus, 

Miss 

Between  Fulton,  Miss.,  and  Vienna,  Ala. 
Between  Walker  Bridge  and  Fulton, 

Miss 

Toms  River.  N.  J.,  examination  and  sun^ey 
of 


Tonawauda  Harbor,  N.  Y.,  improvement  of. 

Tongue  Ri\er,  Mont.,  near  Miles  City,  ex- 
amimitioi)  of 

Tongite  Itiver,  Mont.,  Yellows tojie  River 
below  mnutli  of,  examination  of 

Tori)edo  experiments 

Toi-pedoes  lor  harbor  defense , 

Totten  Buy,  Devil  Lake,  ^.  Dak.,  examiua- 
tion of .  r 

Town  River,  Mas.H.,  examination  and  sur- 
vey of 

Tra«lewater  River.  Ky.,  improvemont  of 

Tremble,  M.  E.  (scliooncr),  removal  of  wreck 
of 


Trent  River,  N.  C,  Improvement  of 

Trinit}'  River,  Tex.,  below  Dallas,  examina- 
tion of 

Trinity  River,  Tex.,  improvement  of 

Trout  Creek,  Fla.,  bridge  obstructing 

Tug  Fork,  Big  Sandy  River,  01  and  05^  miles 
above  Catlettsburg,  Ky.,  bridging 

Tug  Fork,  Big  Sandy  River,  W.  Va.andKy., 
impro  vemen  t  of 
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Tninwater,  "Wash.,  Olympla  Harbor  to,  ox- 
amiuation  and  nur  vey  of 

Turner  Crook,  Md.,  examination  and  sur-  i 
vey  of I 

Tiiflcaloosa  and  Daniels  Creek,  Ala.,  Bbck 
"Warrior  River  betw«»n,  improvement  of .  .1 

TwoKivers  liiirbor,  Wia.,  improvement  of. . 

V. 

TTmpqoa  River.  Oregon,  improvement  of 

TTnioD,  Lake,  Waah.,  snip  canal  to  connect 
Puget  Sound  with,  examination  for 

TJnit^  States  Engineer  School 

Upper  Bridge  Company,  bridge  of  The, 
acroaa  Monongahela  River,  Pa 

Upper  Columbia  River,  Oregon  and  AVaah., 
improvement  of 

Upper  Falla,  La.,  bridgine  Red  River  at 

Upper  Machodoc  Creek,  \  a.,  examination  of. 

Upper  Miaaissinpi  River,  operating  snag 
Doata  and  drenge  boata  on 

Upper  Snake  River,  Llaho,  between  Hunt- 
ington Bridge  and  Seven  Devils  mining 
district,  examination  and  survey  of 

Urbana  Creek,  Va.,  improvement  of 

Use  of  public  works  by  corporations  or  Indi- 
vidaals 


V. 

Vaoherie,  La.,  etc.,  andLakedesAUemands, 
bayous  Chevreuil  and  Tim  between 

TaUette  Dry  Dock,  removal  of  wreck  of 

Van  Buren,  Mo.,  Current  River  below,  ex- 
amination of 

Vancouver,  Wash.,  and  month  of  Willa- 
mette River,  Oregon,  Columbia  River  be- 
tween, examination  and  survey  of 

Vancouver,  Wash.,  bridging  Columbia 
River  near 

Vermillion,  Bayou,  bay  and  passes,  La.,  ex- 
amination ot 

Vermillion  Harbor,  Ohio,  improvement  of. . . 

Vidal,  Bayou,  La.,  improvement  of 

Vienna,  Ala.,  and  Fulton,  Miss.,  Tombig- 
bee  River  between,  improvement  of 

Vienna,  Ala.,  Tombigbee  River  below,  im- 

grovement  of 
Loennes,  Ind.,  Wabash  River  above,  im- 
provement of 

Vincennes,  Ind.,  Wabash  River  below,  im- 

£  movement  of 
eyard  Haven  Harbor,  Mass.,  improve- 
ment of 

Volusia  Bar,  Fla.,  improvement  of 
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W. 

Wabash  River,  Ind.  and  HI.,  above  Vin- 
cennes, improvement  of 

Wabash  River,  Ind.  and  HI.,  below  Vin- 
cennes, improvement  of 

Wabash  River,  Ind.  and  III.,  improvement  of. 

Wabash  River,  Ind.,  between  Terre  Haute 
and  Lafayette,  examination  of 

Waccamaw  River,  to  Waccamaw  Lake,  !N. 
C.  and  S.  C,  improvement  of 

Waco,  Tex.,  Brazos  River  below,  oxaminn- 
tionof 

Walker  Bridge  and  Fulton,  Miss.,  Tombig- 
bee River  between,  improvement  of 

Wapplnger  Creek,  N.  Y.,  improvement  of. . . 

Wappoo  Cut,  S.  C,  improvement  of 

War  maps,  estimatee  for  publication  of 

Wareham  Harbor,  Mass.,  improvement  of . . 

Warrior  River,  Ala.,  improvement  of 

Warsaw,  lU.,  Mississippi  River  at,  examina-  > 
tion  of 

Warwick  River,  Md.,  exnmin-itiou  and  sur- 
vey of 

Washington   Aqueduct,  niaiutcnnnco  and 
repair  of 
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"Washington  Bnyon,  MUs.,  improvement  of. . 
Washington,  1).  C. : 

CunstTQCtion  of  casemates  at 

Defense  of 

Examination  and  survey  of  Potomac 

Kiver  below 

Improvement  and  care  of  public  build- 
ings and  grounds 

Improvement  of  Potomac  Kiver  at 

Increasing  water  supply  of 

Maintenance  and  repair  of  Washington 

Aqueduct 

Maintenance  of  Washington  Monument 

Water  supply  of 

Washington  Harbor,  Pamlico  Biver,  N.  C, 

examination  of 

Washington,  Lake,  Wash.,  ship  canal  to 
connect  Puget  Sound  with,  examination 


Page. 


PartT. 


for. 


Washington  Monument,  Washington,  D.  C, 

main  ten  ance  of 

Watch  Hill  Cove,  Little  Narragansett  Bay, 

It.  I.,  examination  of 

WatorjKauges  on  Columbia  River,  Oregon 

and  wash 

Water  (^uges  on  Mississippi  River  and  its 

T>rincipal  tributaries 

Water  gauges  on  Mississippi  River  at  or 

near  St.  Paul,  Minn 

Water  auppl v.  District  of  Columbia 

Water  supply  of  Washington,  D.  C,  in- 
creasing  

Watere©  Kiver,  S.  C,  between  Camden  and 
Falls  of  the  Catawba,  and  bend  about  4 

miles  below  Camden,  examination  of 

Wateree  River,  8.  C,  improvement  of 

Waterville  to  Augusta,  Me.,  Kennebec  River 

from,  examinauon  and  survey  of 

Water  ways : 

Between  Beaufort  Harbor  and  New 

River,  N.  C,  Improvement  of 

Between  Cape  May  and  Great  Bay  north 
of  Atlantic  City,  N.  J.,  examination  of. 
Between  CUncoteague   Bay,  Va.,  and 
Delaware  Bay,  at  or  near  Lewee,  Del., 

improvement  of. 

Between  Doboy  and  Sapelo,  6a.,  ex- 
amination uia  survey  of 

Between  Jamaica  Bay  and  Long  Beach 
Inlet,  N.  Y.,  examination  and  survey  of 
BetWBen  Jefferson,  Tex.,  and  Shreveport, 
La.,  and  Cypress  Bayou,  survey  of. . . 
Between  Lynn  Haven  Bay  and  Eaatem 
Branch  of  Elizabeth  River,  Va.,  ex- 
amination of 9 

Between  New  Berne  and  Beaufort,  N. 

C,  imnrovement  of 

Between  ifew  River  and  Swansboro,  N. 

C,  Improvement  of 

Between  Norfolk  Harbor,  Va.,  and  Al- 
bemarle Sound,  N.  C.,  improvement  of. 
Between  Pamlico  River  and  Bay  River, 

•   N.  C,  examination  of 

Between  Port  Townsend  Bay  and  Oak 
Bay,  Puget  Sound,  Wash.,  examina- 
tion for  

Between  Pun^o  River  and  Sladeaville, 

K.  C,  examination  of 

Between  Savannah,  Ga.,  and  Feman- 
dina,  Fla.,  examination  and  survey  of. 
Connecting  Lakes  UnionvWashington, 
and   ^amamish  with  Puget  Sound, 

Wash.,  examination  for 

In  connecting  waters  of  the  Great 
Lakes,  between  Chicago,  Dnlnth,  and 

Buffalo,  examination  of 

KeaQ  Coaster   Harbor   Island,    R.  I., 

improvement  of 

Waukegan  Harbor.  111.,  improvement  of. . . 

SVellfleet  Harbor,  Mass.,  Improvemenrof . . 

West  Bay.    West  Galveston  Bay,    Tex., 

channel  through,  examination  and  survey 

of. 
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Wmt  Galveston  Bay,  Tex.,  from  Cliristians 
Point,  for  reopenlni;  cbanuel  through 
"West  Bay.  examination  and  survey  of. . . . 

TVeat  Lilxjfty,  Ky.,  and  Fanner.  Licking 
River  between,  improvcmeut  of 

West  Neck  River,  Va.,  examination  of 

West  Point,  Ga.,  and  I'rauklin,  Ala.,  Chat- 
tahoochee River  between,  examination  of. 

Westehcater  Creek,  N.  Y.,  examination 
and  survey  of 

Western  branch  of  Elizabeth  River,  Ya., 
examination  of 

Weston,  Mo.,  Missouri  River  at,  examina- 
tion of 

Westport  Harbor,  Mass..  improvement  of  . . 

Wcturopka,  Ala..  Alabama  River  up  to,  ex- 
amination of 

Wctumpka,  Ala.,  and  East  Tennessee,  Vir- 

Sinia  and  Georgia  Railroad  bridge,  Coosa 
Jver  betwefin.lmprovement  of 

Weybossot  (schooner),  removal  of  wreck  of. 
Weymouth  Back  River,  Mass.,  examination 

and  snrvey  of 

Wevmouth  River,  Mass.,  improvement  of  . . 
Wh'itc  Oak  Biver,  N.  C,  between  Roberts 
Landing  and  Collins  Crossing,  examina- 
tion of 

White  River,  Ark.,  improvement  of 

White  River,  Ark.  (Lower) ,  examination  and 

survey  of 

Whi  te  River  Harbor,  Mich.,  improvement  of. 

White  River,  Ind.,  improvement  of 

Whitehonse,  Josiah  (schooner),  removal  of 

wreck  of 

Wicomico  (Groat)  River,  Va.,  examination  of. 

Wicomico  River,  Md.,  improvement  of 

Wicomico  River,  Newport  Creek  at  head  of, 

Md.,  examination  of 

Willamette  River,  Oregon : 

Examination  and  snrvey  of,  at  Clacka- 
mas Rapids,  Robs  Island,  and    Cor- 

valUs 

Examination  and  survey  of,  below  Port- 
land   

Examination  and  snrvey  of  Columbia 
River  between  Vancouver,  Wash., 

and  mouth  of : 

Examination  of,  on  west  side  of  Swan 

Island 

Improvement  of,  above  Portland 

Improvement  of,  below  Portland 

Wlllapah  Biver,  VSKash.,  below  Woodward 

Landing,  examination  and  survey  of 

Willets  Point,  N.Y.,  post  of 

Willow  River,  Wis.,  near  Hudson,  examina- 
tion of 

Willow  Slough,  HI.,  reopening 

WillsboTO,  NTY.,  Boquet  Rivorbelow,  exam- 
ination of 

Wilmington  Harbor,  Cal.,  establishment  of 

harbor  lines  at  San  Pedro 

Wilmington  Harbor,  Cal.,  improvement  of . . 
Wilmingt<9  Harbor,  I>e1.,  improvement  of . . 
Wilmington  Harbor,  Del.,  survey  for  im- 

provement  of 

Wilmington,  N.  C,  Cape  Fear  River  above, 

improvement  of 

Wilmington,  N.  C,  Cape  Fear  Rivor  at  and 

below,  improvement  of 

Wilson  Creek,  Va.,  and  Greenbrier  River, 
W.  Va.,  New  River  between  mouths  of, 

improvement  of 

Wilson  Harbor  N.  Y.,  improvement  of 

Wilson  Point  Harbor.  (;!onn.,improvement  of. 
Winfield.  Richard  M.,  et  al.,  bridge  of,  in 

Bamstflble,  Mass 

Winona  and  Southwestern  Railway  Com- 
pany, bridge  of,  across  Mississippi  River 

at  Winonii,  Minn 

Winona,  Minn.,  bridge  of  city  of,  across 

Mississippi  River 

Winona,  Minn.,  bridging  Mississippi  River 
at 
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"Wintlirop  Harbor,  Mns».,  improvement  of. . . 

Winyaw  Bay,  S.  C,  improvement  of 

iWisconaiu  Tji  ver,  Wis.,  improvement  of 

Wisconsin  River,   Wis.,  survey  for  reser- 
voirs at  Bonrces  of .' 

Witlilacoochee  River,  Fla.,  improvement  of. 
"Woods    Laiuliug,  Oregon,  and  Astoria,  Co- 
lumbia River. between,  examiimtlon  for 

snas^^ing 

"Woodward    Landing,     Wash.,     "Willapah 
River  below,  examination  and  survey  of.. 
Works,  occupancy  of  and  Ipjary  to  public, 

by  corporations  or  individuals 

"Wrecks,  removal  of 

At  Elizabeth  port,  X.  J.,  near  entrance 

t«  Arthur  Kill 

At  Pollock  Ri]>  Shonls,  Moss 

In  Bamegat  Inlet,  N.J 

In  Che,<*apeake  Bay 

In  Columbia  River  near  Astoria,  Oregon . 

In  Delaware  Ba}' 

In  Delaware  Bay  and  River 

In  Hyanuis  Harbor,  Mat>» 

In  Jackson  Creek,  Chester  River,  Md  . . 

In  New  Orleans  Harbor,  La 

In  New  York  Harbor,  X.  Y 

In  Ogocchee  River,  (Ja 

In  Pamlico  River,  X.  C,  opposite  Swan 

Point 

In  Pleasant  River,  Mo 

In  Portland  Harbor,  Me 

In  Rancocas  River,  X.  J 

In Raritan  Bav, X.J 

In  St.  Clair  River,  Mich 

In  Savannah  River  and  Harbor,  Ga 

In  Ship  Island  I{arl>or,  Miss 

In  Smyrna  River,  Del 

In  South  Channel  across  bar,  Charleston 

Harbor,  5*.  C 

Near  Gay  Head  Li^ht 

Near  Handkerchief  Li;iht-Rhip 

Wrightsville  and  Tennille  (Tcnnville)  Rail- 
road Company,  bridge  of,  across  Oconee 

River,  Ga 

"Wyandotte  County,  Kans.,  bridging  Mis- 
souri River  at 
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Yadkin  River,  N.  C,  improvement  of 

Yamhill  River,  Oregon,  below  McMinnville, 
examination  and  survey  of 

Yaquina  Bay,  Oregon,  injprovoment  of 

Yazoo  River,  Miss.,  improvement  of 

Yellow  Banks,  Chippewa  River,  "Wis.,  im- 
provementof 

Yellow  River,  Ga.,  from  bridge  near  Cov- 
ington toOcmulgee  River,  examination  of 

Yellowstone  National  Park,  construction 
and  improvement  of  roads  and  bridges  in . . 

Yellowstone  River,  Mont,  and  N.  Dak.,  im- 
provement of 

Yellowstone  River,  Mont.,  below  mouth  of 
Tongiie  River,  examination  of 

York  Harbor,  Me.,  improvement  of 

York  River,  Va.,  improvement  of 

Youghiogheny  River,  Pa.,  at  McKeesport, 
bridging 

Youngs  Bay,  Oregon,  chaiuiel  in,examina- 
tion  of 

Youngs  River,  Wash.,  improvement  of 

Yuma,  Ariz.,  and  Eldorado  Cafion,  Colora- 
do River  between,  examination  of 


Z. 

Zanesville,  Ohio,  bridge  obstructing  canal  of 
Muskingum  River  at  foot  of  Maiu  street. . 
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